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SECRETARY OF THE SMITHSONIAN INSTITUTION, 

AQC^HTaHYIHQ 

The Annvat liep&rt of the Hoard of Regents of ike I ualitutioii for the 
year ending June JO, 1909^ 


SwiTHSosiAS IssrmmoN^ 

Washington^ June 0 , 19tQ^ 

To the dtrngress of the United States; 

III ncKordnncc wilii seertion 5593 of the Revised Statutes of the 
I7nifed ^ates, I have tJie honor, [» iiehalf of the Board of Regents, 
toaobmit to Congresa the Annual Report of tho operations, eTpendt- 
tiir«, (Old condition of the Smitlisonian Institution for the year 
ending June- 30^ 1W9, 

1 have the honor to lie, very respeetfully, your obedient servant, 

CiiARLsa D. WAncorr, 

SecreUirtf^ 
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REPORT 


Cff TSK 

SECRETARY OF THE SMITHSONIAN INSTITUTION. 

CHARLES D. WALCOTT, 

Pifff TBS TEAR EtDOfe JUffS ». f MW. 


To the Boot'd of Regents of the SioitheomOft InstituUoni 

Gentlemen : T hove thg honor tO' submit a report showing the opar* 
ations of the Institution during the year ending June 30, 1000, 
including the work placed under its direction by Congres in tbo 
United States National Museum, the Bureau of American Ethnology, 
the IntcrnationDl Exchanges, the National Zoological Park, tbo 
Aatrophysical Observatory, and the regional bureau of the Inter*- 
natioual Catalogue of Scientibc Latcrature. 

In the body of this report there is given a general account of the 
affairs of the Institution, while the appendix presents more detailed 
statements by those in direct charge of the different branches of the 
work. Independently of this the operations of the National Museum 
and of the Bureau of American Ethnology are fully treated in 
separate volumes. 

THE SMITHSONIAN INSTITUTION, 

THE ESTABLISHMiUKT, 

By act of C-ongress approved Augu^ 10, 1840, the Smithsonian 
Institution was created an establishment Its statutory members are 
“ the President, the Vice-President, the Chief Justice, and the heads 
of the executive departments.” 

THE BOARD OF REGENTS. 

Hie Board of Regents consists of the Vice-President and the Chief 
Justice of the United States as ex ofbeio members, three members of 
the Senate, three Members of the Houj% of Bepresetitatives, and six 
citizens, "two of whom shall be resident in the city of Washington, 
and the other four shall he inliabitants of some State, but no two 
of them of the same State." 


1 



2 AKlffUAli REPORT SMTTHSOTriAS IN8'^TUTI01^^ lOW. 

There has been no (rLnnge in tlie personnel of the Boanl since my 
last report. 

Meetings of the Regents ttctc held on Beceinlwr 15, 1008, and on 
Febniarj' 10, 1909, tlie proceedings of which will be printed as cus^ 
tomary in the annual report of the Board to Congress. 

fiENEHAL CJONSIOIOEIATIDN'S. 

T deem it proper here to point out the fact that the activities of the 
Institution are greatly restricted by the very limited annnid income 
fit its disposal. 

Tha indiience of the Institution tn the development of science in 
this coutitty' is too well known to rec^nire eoDimciit. Its advice is 
daily sought on scientific matters, not only by other estabiishments of 
learning hot by individuais all over tlie land, and Hint its usefulness 
has been by' no means restricted to this country la evidenced by the 
fact that the name of the Simtlisonian Institution is equally as well 
known und respected abroad as at home. 

But tbo tueans derived from the interest on the Smitlison fund 
and other private funds for keeping up the work of the InHt itution 
prtqier liave not kept pace with the giowtii of the country and the 
constantly increasing demands upon ihenL The original amount of 
the Sniithsou fund of about httlf a million dollars metint mnny 
times over in 1846 what it does to day, even with the half million 
which has been i^adually added since Ihen. Its income has been 
economically administered, but it is too limited to carry on any ex¬ 
tensive investigatiofis. There are many researdms and'explorations 
which the Institution Is peculiarly well fitted to org»nir.e and super¬ 
vise, on whidi the income from on endowment of twenty millions 
could be wisely and effectively expended. 

The Institution has in the past few years received a number of 
noteworthy gifts in the Harriet Lane Johnston, Freer, and Evans 
art oolleciionSj and an endowment for the fine arts would ^ve a great 
retarn for centuries to coma by making possible the fostering and 
stlmutating of the fine arts in all ite branches. 

Under the general plan of orgimization adopted hy tiie Board 
of Regents in 1847, the work of the Institution in the''* increase of 
knowledge” is not limited to investigations in the field of science 
and art, but historical and ethnological researches, and statistical 
inquiries with reference to physical, moral, and political subjects, are 
enumerated as objects for which appropriations should be made. 

In the humanilics there is ne^ of a fearless, thorougii, sciontific 
study of the elements entering into the great race problems of tha 
Americas. Until the fundamental tendencies of the differing races 
now within these areas are intelligently underatood, not only by tho 
few, but by the many, u practical understanding of threatening iteial 
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coiiilitioDs iB UQQpossible, The uplift of the physicalj mental^i and 
moral tiaturo of the peoples of the Americas TviJl come only through 
the increase and diffusion of such knowledge as will stimulate sound 
reasoning on existing cfondiLions and racial limitations. Ethnology^ 
anthropology, psychology, preventive medicines education, are some 
of the toob that must be used in the shaping of the national, com¬ 
munity, and individual life of the future. In this great work tha 
Smithsonian Institution will take such active part as opportunity 
and means perniih 

An article on “The Smithsonian Institution,” published in the 
North American Review, summarizes^ die history and work of tiie 
Institution, and concludes as followsj 

ESucti been tba r^anlt of a sLaglc bcuc&ctlDa of liatf a znlUlon of doUara, 
and periiap!^ no audi riwilt hns ovar baim pccomiini^ed by bo Itailti?^! ao on- 
dowiucnt* Were tbe grait emma filven to swell tbo almost UlBuJIc eudowmeaia 
of sDlae of oar uulvere^tkett dh’^rtod to th\B uiiosleatatlons e^blSslimecLt, Its 
powM for good w^ouM h® Immeasijnijbkv Increaaedn but* as it \s^ the beauty of n 
aUaesor and an alien Las given the Amerlain twople nn agencr for good whose 
lunuence in lacaleulable. It prefienUi im ejijiartntilty to tlwwa who wIhIi to 
bffttow money for aome iHuiefloeut purtx>se ancb as Is alvert hy nn other on 
enrtb, dikI Its BCftnt moann nntl i>etiy cndowoient are a repmnch to onr rich 
and generous Tuitlou.^ 

A DM in: STRATION. 

The affairs of the Instliiffion proper have progressed in a satis- 
factor}^ matifier during the year. All conimuniciitiQiis have received 
prompt adminislrative consideration, and everything possible has 
been done to cany out the fundarnental purposes of the Institution, 
“ the increase and diffusion of knowledge.” 

In the adminif^rulive work of the various branches of the govern¬ 
ment pervico placed under the direction of the Institution^ it has 
been the custom to fully avail myself of the af^istanco of the officers 
iti diarge of those branches, ^nd [ nni gbd bo any that the business 
of the year has been carried on vigorously. Tlie extendcil md com¬ 
plicated operations of the National Museum, including the National 
Gallery of Art and the erection of the new building, have been effeeb 
ively managed by the assistant secret ft ry in charge, Mr, Richard 
Rathbuu. The International Sschanges, the library, and tlie Inter- 
natiorial Catalogue of Scientific Literature continued under the effi¬ 
cient charge of Dr. Qynis Adkn until bis resignation on October 1, 
ISOS, when he removed to Philadelphia to assume tbo presidency of 
the “Dropiaie College for Hebrew^ and Cognate Learning*” Doctor 
Adler entered the service of the Institution in 1888 as an assistant 

-^Tfae SmUbscDlnn InsUtatlaD^ by Charles Minor BlackfoiUi M. D., North 
AiubtIcbd Eevlew^ January1009. Bt^rlnteU bj Baoato Dof^nmont No^ TL?, 
StEtlcHii CoD^reBei Bocoud b^Ioiu 
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aj?:suai. eepdht saiiTasoNrAK tkstttftiqn, 1900. 


curator in the National Museum- In lBVi2 he was appointed libra¬ 
rian of the Inatitndon, and in 190^ became assistant secretary^ His 
Herviee of twenty years was marked by a remarkable grasp of the 
affairs of the Institution^ in the administration of which his advice 
has been of great assistance to tlie secretaries* 

The affairs of the Bureau of jilmerican Ethnology have continued 
in charge of Mr. H. Holmes^ as chief, who has also acted as 
curator of the National Gallery of Art. Mr. C* G. Abbot, director of 
tliB Astrophysical Observatory, lias carried forward the work of this 
branch both in ’Washington and on Jlilount Wilsoji, California, where 
duplicate observations have been carried on at a branch station, and 
the care of the National Zoological Park has continued under the 
management of Dr. Frank Baker, jis superintendent. Although 
greatly hampered for adequate funds the Park hag proved a great 
attraction to the people of Washington, over 1S5,000 persons having 
viaited it in a ringle month. 

The advisoiy committee on printing and publication, appoioied in 
pursuance of executive order of January SO, i90(J, is composed of rep¬ 
resentatives from the Institution and its bninches, and has rendered 
valuable arista nee in examining manuscripts propo^d for publica¬ 
tion, and in the consideration of various matters connected with 
printing and publication. 

The current business of the Institution lias been conducted with 
ptiomptness, and it is gratifying to note tliat no arrearages in the 
work of the government branches under its direction were reported 
in the quarterly statenienta to the President and m the annual state¬ 
ment which, in accordance with law, iiecompanjed the miniates 
transmitted to Congress. 

FINANCED. 

The pCT^anent fund of the Institution and the sources from which 
it was derived ate ns follows: 


Dcjtfuiicd in TrcMHiy of th& Unitfid main. 


BHineia of f^mltbaon, l64e___„ __ _ _ _ 

nealdaniT of SmlthBon, 1S67_ _ _ __ _ 

Denovlt from earing of iucoiae, _ ____ 

Beqaeol of JuiDoa HAmUtOOH 1870—.._fl.OOO. 00 

Accumuliteil Interest «a HnmiUon fund, _ _ l! 000,00 

Bequeflt of Snueon Htbe!, 1S80 __ _ ___ 

DecHmlt from E^foceeCs of enle of bonde, __ 

Gift of Tfaonmg <3, HoUgktbK, __ 

Part of rwldoflr:^ lesney of XhomAS G. 1894___ 

DenoAlt from snvlniiiB of loconie, 1GC3._^_ __” 

Reilduotr legocy of Thomqg G. noil^kliifl_ ___' 


$515,160,00 

2o,:no.aa 


2.000,00 

500,00 

CltBOOOO 

300 , moo 
3, moo 
25. moo 
7,0111.08 


l^tnl amouTit of fum in ibe Lnlled Stales TreiL#uiT^__ t^OiaOS 












of tieh secbctasy* 


5 




Re^ftter<.*d nnd Eii=^rantpe6 bauds of tN West Shore BaUrnud Com- 
ptiiij (par Ffl!tie)p pnrt of legacr of Ttiomfl& Q. HodgkliMs^—^2,000. <W 


Tom pernHJinont fond---- — —-— — - 


In jiddltloii to the nbofft there are four pieces of reol estate bequeathed to 
the lELBdtutloD hr iltc late R. S, Avery, Bome of whicli yield a nominal rental 
iind. ill are free from biiLatloiL 

That part of the ftmd deposited in the Treastirj' oi the United 
States bears interest at 6 per cent per annum, under the provisions 
of the act organizing the Institution and an act of Congrras approved 
March 12, 1804. The rate, of interest on the West Shore UnUroad 
bonds is 4 per cent per annum- 

The income of the Institution during the year, amounting to 
$84,760.82, T?as derived as follovrs: Interest on the permanent fund, 
$58,375.12; contributions from various sources for specific pnrpof^, 
$20,256, and from other miscellaneous sources, $6,144.70; all of whidi 
was deposited in the Treasury of the United States to the credit of 
the current account of the InstUtstion. 

With the balance of $18,7^6.41 on July 1, iW, the total resources 
for the ascfti year amounted to $103,Tlie dishuT^mcnt% 
which are given in detail in the annual report of the executiYB com¬ 
mittee, atnounted to $71*359+53, leaving a halance of $32il70-70 on 
deposit June 30, ltK)9> in the TJnitecl States Treasniy. 

The Ttistitution was charged by Cemgresj^ with the disbursement 
of the following appropriations for the year ending June 30, 1JK]9: 


International EscMiiiKee-----$32,(100 

American Kthnology^------ - ■ - ■ ■ - - -42.000 

ABtropbyfiical Olpsenratorj^-——---* 13,000 

Natlenal mustaiu: 

I'umiti»re and -—------- COiOfSO 

HentliiK aud lli^btlng-— --——— - 22^000 

Prew?rvatiat!i of ponwnotm----—- ______ 190,000 


Rent ot wcirREbopB^----—— --—-- 

Bnlldllig ref*alrs^------ 

Katlaeal Zoolofitcal Fark__..,_..^,------^ 

Intematlonnl Ciiteilofiuo n£ ficleaisac Lltcmtnife^.-—— - 

TmoFfer of Oreenaugb siatne of Wa&liln^on.—-- 

Tempomrj^ occti|;Htac 5 of ipiST^jptiiaont boHdlnp^s for lul^retilosJa con- 


2.onn 

son 

t5.0(X> 

ua,(wxi 

5,000 

5,OCM) 

40,000 


Total __ __ 


510, OSO 





















AXITFAL REPOBT SMrTHgO^fTAN IKSTTTUTtON, lOOO. 


estimates fomarded to Congres in behalf of tbe 
govcmtnent branches of tbe Tnetitutjon and the appropriations based 
thereon for the fiscal year ending June 30, IBIO, are as followa: 


InijeniiiiMiU Kjp lLun y .... 

Atbi;>Hnii4i ,, „,, .... „,. 

h£iifibuf9Q:bflDi Bi A 

A«i4Vrplr;F<U»3 tjfbmrrmUyrj..^.^^ .. 

NiLtdfHul Xuieiitn] 

rUfuitcwMiil ... 

i±ii] llf htlitff... , 

J^!«rritlOT offlflllKlimii,. 

Books ....... 

+ + + ... 

Hen i ol* w^irkibBfWK,.... , 

niillilliiKr z€|mUM... ......., .. 

aio-FlUf ....... 

SdiioMi OttllciT or Alt,,...... 

NAtJoiul .. 

H>0*i1JuptmenL uf bmiHluiHi. ..... 

kTiTj .. 

Bobdim}* tiEiil _ 

fA[M3dgiw orr SdffLU^ U tent™" 
tobftl,.... 


f3^q» 

ii^m 

m 

17.MI 

m,ooa 

^ODD 

m 

le^ou 

iolm& 

oo^w 

11^.400 

I2.P0Q 

^wo 




Psis^Qioa 




Apptuprl^Ufl&H CotnuLlUrQ tkmt tbin Itrm 
rentttl bUlldlEixB wonlil Ik ment^ bj 


li». MB 

j 


la^oQD 

M.WO 

00, no 

m,fxo 

MQ 


l^ODO 


»,w 


e.-dw 


Tao.un 




The Imitation is required each year to submit to Conirresa 
^roueii the Secretary of the Treasury, estimates for the sunpolTS 
the severalbmniies placed by the Congress under its admin^irTtivo 

ycartnding June 30, 10u, were 

of in tho fall of the year as heretofore, it being the desire of the 
Pi^Klent, e.,pre^d through tire Treasnry Department, that mor^ 
time bo given to their examination. 

^ itnpemtivo (hat consider¬ 

able mcrea^ should be made m several directiona. as follows; 

^ Ethnology I have asked an increase 

^ exploration and ptxisarvation of 

““‘1 for 

rcs6:arcb(^ in il&u'Etii ond Samoa. 

To properly cany- on the work of the Astrophysical nbservatory 
li^kewise >^uir«s a ^tor appropriation. The furnishing and mail^ 

1 in annual appropriationa. For the National 

^logical I srk I have asked a cons-iderable increase, in order that 
It may be properly maintained and become in greater measu» J»t> 

n.n,o ™«W le.d tl» publk to o.,pect ood di b.. „.ii" ol p!!^ 
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EiiimufeM for the ppsr ending JO, 

IntcETuitjona] lil^crluiitgeA-- ——-- - $!1'2;000 

Aiu^rl^sm Ethcolo^sy __—- - -v_ Ei2; 000 

latcniatToDal QatnSo^e of screntlfle titteratune-- - - T»500 

Aetfoptij’fltcftl Obserratorj __— ---—---- ISpOCn 


NfitroriTil Mu^^niu I 

FnmlttirE.^ #ud Oxtorps —--- --flSStOOO 

Hofitln^ nnd -- — 00*000 

Pt^sserTflUoo of collotiloiifl ________ 'lOO, 000 

Bootci r-r--— ----—---- 5,000 

BDlldlDg repalm- - -- 15.000 

Postnge ___ _ ____— 500 

- 005,500 

NAtloaal Zcwlo^PdS Fftfk: 

MaLnteiuinpc, otc-,- ---^ fll0*000 

Avlury -- ---- SO* 000 

BcmdiTfljB aniJ 14^000 

E’eojdjnntiitfmL of boandnrlPB ___ 40,000 


-- mooo 

Prldtlog and Idnclln^ Tor thi> InBUtutlou aod its __ T2;T00 

Tfltfl 1 ______ _3, Oait TOO 


EXPLOa^VTIONS AND EESEAncnKS. 

The resources of Ihe Smithson inn Insiitytiou am ut present too 
limited to permit of Urge grants for extensive esploratioiis or inves- 
tigntiouJ^ but as far as the inccme allows aid is gEven in various lines 
of research work^ and it is sometimes found possible to engage iu ex¬ 
peditions likely to Accomplish important results. If funds could bo 
obtained to be adminiatcred under the Institution^ the scientific work 
of the Goveniment might often be supplemented by original re- 
f^arche>s of a chameter that would hardly bo undertaken by the Gov- 
amment, and which would be of great service to humanity and to 
sdenec. 

Tl)rough the National Museum^ the Bureau of American Ethnology^ 
and the Astropbymcal Observalory the InsiituUon h^s boon enabled 
to carry on various important biological, ethnologimh aMrophys- 
icaI researches, which are mentioned elsewhere in this report. 

SMITE&ONIAN AFaiCAN EXPEOITIOS, 

Til rough tlie generosity of friends of the SmlLhsonian Institution, 
there was provided during the psad. year a specieil fund to pay for the 
outGiting and to meet the exponscA of the naturalists on a hunting 
and ccdlecting expedition to Afrloi under the direction of CoL Theo¬ 
dore Roosevelt. No part of the fund was derived from any govern¬ 
ment appropriation or from the income of the Institution. The spe¬ 
cial interest of the Institution in the expedition is the collection of 
biological material for the United States Satlonal Museutn. 


ism -2 
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satitiieo^riASJ ij?stitutios^, im. 


Iti Jins€^ 190Sj the following letter was received from President 
Koosevelt: 

TK£ WBTTE HOUHE, WAtnTSQTQN, 
OrKTEK Bat, N. ^/wrte S*&, 

Ht Beak Doctoh tViLcm: About the iHt ol April ueit I Lnu^iid to Ftnrt for 
AfrEtru. My pljins are of course In-dcflulte, but at present I bope tlsey will be 
SDUnethtiig ou tbe following order: 

Hy May 1 1 Bball land at atkl ap^md tbo next few tnontlia hunting 

unci travrilui; In llrltlah arid Gonuan Elaat Africa^ prebubly going thetico to or 
towani Uganclo, with the expectation of striking tbe Nile iibout the iHi^iiaciUtg 
of the new yoar, and then working down Itp with side trips nfter anluuil^ uhil 
blrdai PW as to cotne out at tide water, snj, about March 1. This woulil glto 
ma ten atonibs iu Afrlol. Aa you knoWn 1 am not in the least a game bateber. 
I like to do a certaEu nmoiiut of bun l ing, hni tny real and mala tuterest Is the 
interest of a fnnual nnturahsL NoWi It seems to mo UmU thU opens tho best 
cbnnce for the NatleniH Mnsieum to get a flue cotlectlon not only of the big 
mmiD beastSi but of the onmlEfT ninmmnla and birds of Africa ; and looking at It 
dispasstenatolyp I l^olEerD that tbe chance ought not to be neglected. I will 
make ar?angi;^ments to i«iy for tbe exponiieB of myself and oiy son. But what I 
weald like to do wnnld be to get one or two profesalonal field taxEdernilstB, field 
natur&Jists^ to go with me. whn Klimild pretsire nnd send back tlie sLiecimens we 
collect. The coUDctlOh which would tbos go to tbo National ^tuscoui would be 
of nniciuc value. It weuldp 1 hope, Lodude Specimens of big game, Ic^getber with 
the rare smaller nnLmnls nnd birdiu 1 bare not the men ns tbnt would ennble 
me to iwy for tbe field naturalists or toxldomlsts nnd their kih and tbe cur¬ 
ing and transport of the Specimens for the Nfttlonfll Siluseiim. Of course the 
actual hunting of the big gnme I wduM want to do myself* or linvc my son dot 
bni the speclmims will nil go to the National Museum, save a Tcry few per^nnl 
ttopblOfl of little sclentifle %tllno wMdi for aenne reasob I might Like lu keepL 
Now, can you. In rSew of getting Lbese Specimens for the Natlomil Museum, 
arrange for tbe servlcos of the Held taxifiermistfl, aud for tbo care and trans¬ 
port of tbe ex-PresId^U I sbould feel that the National Mu- 

oeum is the museum to wblcb my coUectlon should go. 

With high Tlwsrd, sincerely yours^ 


Hon. OltABLILB D. IVaJjCOIT, 

iVojAfrEtfjan, J 3 * C. 


Teixuiioee RoDgagyiLT^ 


To which 1 rcpliod from camp in Moi^tanaj where I was carrying 
Ofi geological investigations for tlie Institution: 


To the 

Oyalcr Hav, N. T, 


SoLteif, Maifr,, ^ufio 57^ 


Deai Mn. PfttsiDEst; Your letter of June a>, with a copy of a letter Dr. Cyrus 
Adler wrote yoti la reply, just recetred. 

I hm Immcn-^ty ples^ at tbo thought of year coUectloao coming to tbe 
NatiDmil l^lureum, and It will give mo the greatest pleasure to provide two 
taxidermisis tiud tbeir Mt, snd to arrange for the curing utid transport of tbe 
spectmens. 


I leaVH in the tnerning for the Kintla I-ake reglim and the Continental Divide, 
ns moat Of the geological work 1ms to be done above tJm!^r line. 

poking yen moel heartily and sfucerely for the opportunity af sscurlfig the 
African mateHnl, T remain, 

sia««ly fD. 
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At the nejt meeting of the Board of Regents on December 1&, 1008, 
the following resolutions were adopted, formally recording the ac¬ 
ceptance of the President's generoni^ offer and expressing the Board's 
pppreciatioii of the contributians of the friends of I he IniJtitution 
which made this expedition possible: 

ftJc^so^ved, That the Koanl ef Regents of the finalsliBoiilftii InKtltnlton exijrefla 
to Theixlore ICooB^-rcU, P™Wmt of the Slates, Ur upprccEntioa of lUa 

very ijeuorous offer cootiiEii^ La Tits letter of the ^iJi of June« 190S, to the See^ 
rotAfy of the Institatlon, with respect to hla eiiwtiltloa to Africa: whd tJoiL U 
uccept till? Bame. 

Revived, That the thanka of tlio Board of HcepuIb of the SmlLlisonlan Tti- 
atltatloEi l>c eouroyed hy tlie .S^reLBry of the lustttiitloii to the aonors who have 
eo i-entroualy coatrlbated fUhdB to aioot tljeexitewn of tho njitunilLste v;Xm will 
acconipiiiiiy itr. Theodore ItooeoveU uiKrti tilE? oyWHloa to Africn, the nsuliB 
of which will be preseon.'d by tlio Prealdeot to the StmlthEoaliin Inc$atat1oii for 
the Natlonnl MuBcum, 

The party sailed on Jtarch 23, lOQDj frcun ISow York on the Meamcr 
Hamburg for Kaples^ whence steamer was tftken to Mombasa, Britiidi 
East Africa, Those accompanying Mr. Roctsevelt were his son Ker- 
rnit and tlu'ee naturalists—Lieut. CoL Edgar A. Menrns, surgeonj 
C. S. Army; Sir. Edmimd Heller; and Mr, J- Alden Loring. The 
expedition arrived in Africa on April 2L 

A letter from Mi-. Heller, dated at Nairobi May 31, announced the 
sliipment of 20 barrels of large mammal ^ns in brine, oomprising 
Colonel lioosevelt'a first month's collection. The shipment conasts 
of 82 specimenis aa follows: Lion, 7; leopard^ 1; cheetah, 1; spotted 
hyena, 1; Cape harlebccst, 14 ; white-bearded wildebeest, IS i Neumann 
steinbuck, 5; Kirk dik-dik, 1 ; common waterbuck, 3; Cbanler reed- 
buck, 4; Grant gasEelle, 9i Thomson gazelle, h, impalk, 2; eland, 1; 
Cape buffalo, 4; giraffe, 8; hippopotamus, 1; wart hog, G; Bnrchell 
gebm, 7; black rhiaocaros, 2, no new species, &o far as is 

known, is included in this first shipment, the collection will supple¬ 
ment materklly the specimens already in the National Museum. 

Together with this shipment are expected a large niiuibcr of speci¬ 
mens of small mammals, and also of birds gathered by Lieut. Col. 
Mearns and J, Alden Loring, of the expedition party. 

Through Uie SraiLhsoniati African expedition the National 
Zoological Park has been preiwnte<l by ilr. W. W, McMilltiU, of 
Jiija fanu, near Nairobi, British East Africa, with an e.toeptionaI 
collectiou of live African animals. A letter from Lieut, Cob Edgar 
A. Meama, dated May 20, states that the collection includes H large 
mammals and 3 large birds, all in fine condition and for the most 
part well broken to captivity, as follows" A male and female lion, 
2 jmrs old; a titalo and two female lion a, IT montlis old; o female 
leopard, a pet of Mrs. McMillan; two cheetahs; a wart hog, 2 years 
old; one Thomson and one Grant gazelle, well grown; s large 
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payle ui uDii^ual species; a smalJ vulture; and a large buloo. Spoci- 
mens pf none of these, eKcept the lions and leopardj Eire at present . 
contained in the park. 

STUDlEfl IS CAMOatA^V UEOU>OV AND UALEOXTOl^GY. 

In my reports for the past two years referotico has been made to 
studies of the older sedinientury rocks of tlie North ^Viiicrh:a[i t.-onti- 
nent, which 1 have been carrjdng on as opportunity offered for more 
than twenty years, lliis work was continued in Monbma and the 
Canadian Rockies during the field season of 1&08* 

Outfitting at BdtoriT Mont., tJie last of June, IMS, the party pro¬ 
ceeded! with saddle horses and pack mules north past Lake McDoniild 
and on up the ^^alley of the North Fork of the Flathead River to the 
Kintk lakes. From the Continental Divide noithca^st of Upper 
Kintla I-iikc hcsiutiful views were obtained of the higher pcaks^ deep 
eauyoiiE] and snow fields nortli and south of the international bound¬ 
ary* Xumcrou.^ photographs and noted on the geology were taken. 

The party crossed the forty-ninth parallel and moved north up the 
valley of the Flathoad, in British Columbiaj making several side 
excumons into the mountains. The fartheiit point reached toward 
the northeast was about SO mdes south of Crows Nest Pass. From 
there the route led along a trapper*s trail np Johnson Creek to the 
Continental Divide, thence to the town of Fincher Creek and south 
to Waterton Lake. An examination was made of tlie oil fields west 
of Waterton Lake on Cuiubeiland Creek, which is about Ut miles 
north of the intemationBl Ijonndary. From this point Ihe party 
followed a trail uiong Ihe western side of Waterton Lake and tbeneo 
up Little Kootna Creek to the Continental Divide at the head of 
Mineral Creek, a tributary of McDonald Creek- A few days worn 
spent in taking photographs and examining Die geological stmeture 
in thbf vieinily before returning to Belton, on August 1, for supplies, 

A trip w^Oii nest made by the way of Lake McDonald to Gnnsight 
Pass oil the Continental Divide* above Upper SL Man- Lake* But 
smoke from forest fires Wamo so dense that the party returned to 
Bidtfjii and proceeded southward up the South Fork of tho Flat- 
head River for about 100 miles, E.^umhmlions were made of Gordon 
l^foimlaiii and vicinity and during the return journey several gco- 
logiral ?sections were examined along ihe western sid^ nf tho Conti¬ 
nental Divide, Belton was agi\in reaclKd early in September and a 
trip was made to Mariaj; Vns^, which a Horded a very fine vi^^' of 
the main range of the Rocky Mountains along the line of the Great 
Northern Railway, 

The Kiicntitic results of the 1^50-mik trip through the forests and 
on mountain trails will iiid materially in tho solution of several prob¬ 
lems coiiiieeted with the stratigraphy and structure of the main ranges 
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of the eastern Hocky Moiintains and of the geological position and 
age of many thou^nds of feet of the sandstonei^ wholes, and Itme- 
stones forming the nioantiiiiiis in northern Montano^ British Coluni- 
bia, and Albcrtn. 

On the retime an esaminotloa was made of the geological forma- 
lions in the vieinity of Helena^ Mont, and of tlio Wa^teh RongO} 
southeast of Salt Late City, Utah. 

Three additional papers giving a summary of the results of my 
studies in Cambrian Geology and Paleontology were published dur¬ 
ing the year: Ko, Sj Cambrian Brachiopeda: Descriptions of new 
genera and species^ No, Classification and terminology of Ihe 
Cambrian Bruchiopoda; and No. 5, Cambrian sections of the Cordil- 
lenin arciu® 

GEOLOQICAI- JSVEariCATJOSB IN THE FAR EAST. 

In Slay, IDOO, a Smithsonian grant wa^ made to Prof- Joseph P. 
Idding$, of the United States Geologic^ Survey and U^e University 
of Chicago, for geological investigations in Japanj eastern China, ^ 
and Java. Professor Iddings, who was graduated in the Columbia 
School of Mines in 1878-79^ and in microscopic petrography by the 
University of Heidelberg in 1879-00, is well fitted for a research of 
this kind. tJis connection with and aci^uaintarico m various foreign 
scientific societies Avill be of assbbince in prosecuting Hm remote 
investigation, which will be reported fully m it progresses. 

BOTANICAL COLLECXfON^, 

Work under a smaM grant to Miss Alice Eastwoodf for re-collect^ 
iog the botanical species f^urod by the botanist Tliomas Nuttall in 
183G in the region of Santa Barbara, Col., has been successfully prose- 
aited, as mentioned in the last report. As a result^ Miss Eastman has 
sent to the National Museum two sets of plants, one of 841 desirable 
spccimeus, which have been mounted for the National Herbarium. 
The second, and by a few* bpecimens the smaller set, will be used for 
exchange piirposcfi, many vjdtiable additions to the Herbarium being 
frequently secured in this manner. 

INVE3T10AT10X3 UNDEH THE HODGKINS FUND. 

As stated in iiie last report, I have given consideratiou to the ns& 
of the portion qf the Hodgkins fund devoted to the lucrease and 
dHIuaion of more exact knowledge of the atmospheric air in rela- 
tioTi to t!)G welfare of man. "^Thile much valuable work has been 
done under this fund; it api^eared to mo that it would be utore in 
conjionnnce with the ideas of the founder, if at least a portion of it 
might be employed in some way to aid in tho knowledge of the 

■■ £^uiKLbsimiGLii ^|!KscM*||auouUB Ctaicctioaa» VuL LlHt rk^-2tj0. 
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prevcotion of dtsonec (itid its cuie« In following out thb ephorc of 
work the Institution issned a circular, uncler date of February 3, 
IIKIS, offering a prize of $1,600 for the best treatise on “ Tiic relation 
of atmospheric air to tuberculosis ^ that should be presented at the 
international congress on tubcrculceis, which was held in Washington 
frojii September 21 lo October 13, IPOS. This prize aroused widle^ 
spread interest among tlio students on this subject and resulted in 
the receipt by the Institution of 81 papers submitted m competition. 
All of these hflve been referred to the committee on awards, whois 
report is expected in a short time. 

(}rants from the llodgkitis fund, although not numerous during 
the past year, have been the means of furthering important investign- 
tiojis which are still in progress. 

UKSKABCEES ON ATUOSCUBltlO AIB. 

A HodgkiDS grant was approved in October, 1008, for the erection 
of a sniail Slone shelter on the summit of Mount Whitney, California, 
for the use of investigators during the ptoaecuUon of researches on 
atmospheric air, or on subjects closely I'elated thereto. 

The pioneer trip to the summit of Mount Wliitney lu the summer 
of 1881 by the late f?oeretary Langley, at that time director of the 
Allegheny Observatory, will be recalled in this connection us well 
as his earnestly expressed conviction that in no country is there ii 
finer Bite for meteorological and atmospheric observations than the 
United States possesses in Jlount l^Tiiitiicy nnd its neighboring [jeaks. 

As emphasized in the report of llie Langley expedition, a |M?r- 
manent shelter on the jxsak ia an absolute necessity for the prose* 
cutioii of continiieil ofa^^n'ations there, and the erection of such ji 
shelter has now been made poisible by the extension of railway 
facilities toward tlic base of the mountain and the improvement 
of the trails to the summit, 

hlr, C. Cj. Aijboti who succeeded becretarv Langley as director of 
the Astrophysical Obscrvatoiy' of the fimithsonian Institution, and 
to wlicee immediate sugge^ion and earnest personal efforts the prep¬ 
aration for and the estabiislimcnt of this important post on Moimt 
Whitney are largely due, began his observations there in Ihe summer 
of 1&09, and obtained important data in tlie determination of the 
solar constant. 

'Hie cootjeration of Prof. Vt\ W. Campbell, the director of Lick 
Observatory, University of California, at Mount Hotnilton, has been 
most helpful during the erection of the shelter, and the interest of 
many of the citizens of Lone Pine, near the border line of the govern, 
ment reservation, has been heartily and patriotically expressed. It 
IS eosjly seen that the local feeling in favor of the station will make 
Its occupation more readily and comfortably available by incinl;er 3 
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of the researcli parties who will from tin:te to time desire to work 
there. 

The? class of researches to be prosecuted at this exceptionably fn- 
vorublo statioo arc not only of great sciendtio iotercsti but are ex¬ 
pected also to prove of value in detetminirig questions having a direct j 
practical influence on the preservation and progress of human life on 
emr globe. 

tVTXtlN'ATfONAn PTfl tlEI-TOMETERS. 

A limited grant from the Hodgkins fund was approved in Feb- 
ruaryj 1009^ for Hie construction of several silver dbk py 1 - 1101101110101 ^ 
These iiistrumonte are to be placed in charge of scientific juvesti- 
gators in widely separated localities for the purpose of establishing 
an international scale for the comparison of ot^ervations on solar 
radiation. The varying restdts published by observers have made 
the need of international cooperation in Udij connection apparent, 
and the matter has received considei^ble attention at conferences of 
the Solar Union, 

These simple mid comparatively inespensive mslrutiients are to be 
constructed after a design by Jlr. Abbot. Similar pyrhelionietera 
have been employed in the researches of the Astrophysical Observa- 
lory for several years, and Iiave proved eutirely ^tisfactory. 

PULLI CATIONS UN DEB THE tlOmKlNS FUND. 

Bihlic^mpAy of aeronaidkui tit^mturc , — An exhaustive bibliog¬ 
raphy of aeronniitical literature, compiled by Mr* Paul Biwikett, 
assistant librarian of the Smithsoiiian Institution^ has been com¬ 
pleted to July 1, lOODj and is now in course of publication. This 
work contains referencft«i to about iS,,'j00 published articles and is 
designed to render available the voluminous literature in all lan- 
guageSj on aviation, 

AlecA^ni^^ of the earih^^ ^(mosphere^Jn 1891 the Institution pub¬ 
lished 11 volume of iranslations of importotit foreign memoirs on the 
“ Mechanics of the earths otmosphere,'" which was prepared by Prol 
Cleveland Abbe* There was put to press during the past year a sec¬ 
ond collection of papers on this subject 

S.VIITHSONIAX TABLE AT ^CAPLES ZOOLOGICAL STATION. 

The occupants of the Smithsonian table at Naples during the past 
year were Dr, C. A Kofoidjof the University of California and the 
San Diego Marine Biological Station, and Dr. F. M. Giiyer, of the 
University of Cincinnati. Dr* Kofoid is studying the question of 
sexual reproduction among Dinoflagellata and carrying on experi¬ 
mental work on autotom}' in Ccratium, with reference to temperature 
and vertical distribution in the sea. Their investigations covered a 
period of ^ven months. 
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The present lease of the toble expires December 31^ 1909^ but its 
reiiownl for aJiother teim of three years has been decided on^ so that 
applicsitioDS for the seat may now be submitted at any time. 

As in former yearst the cooperation of the members of tlie advisory 
committee ha-S t^en of great value m the examination of applications 
for the seatf and le always thoroughly appreciated. 

PUBLICATIONS. 

The publication work of the Smithsonian Institution has from its 
beginning been one of its moist impoi-taiit functiona;. It has been 
the principal medium for die diffusion of knovrledge” throughout 
the world. Tlie Smith-sonian Contributions to KnowIedgCj the 
Smithsonian Miscellaneous Collections^ and the Smithsoman Annual 
Keports are publications widely know^nt and tho demand for copies 
of these works has constantly been much in excess of the possible 
supply. Tlie editions of the Contributions and the ^ Collediioni^ 
lire necessarily restricted by the ilmitcd income of the Institution, 
and their distribution is almost entirely to public mstitutiouB rather 
than to individuals^ The Anniml BeportsT however, are public doeu- 
menbf^ issued at the expense of a oongre^ionnl appropriation. 
Although this permits of editions of several thousand copies^ yet the 
entire number is each year exhausted soon after the date of 
publication^ 

Besides the publications of tlie lu^Titution proper there are issued 
under it$ direct ion the Bulletins and Annual Beports of the United 
Stales National Museum and of the Bureau of American Ethnology, 
and the Annals of the Astrophysical Observatory. Tho details 
relating to these various scries during the year will be found m the 
appendix to tins report 

In the series of ^’^Contributions’' no new volume was published, 
although there was issued a new edition of Professor Langley’s 
memoir on “ The internal work of the wind,” originally printed in 
1893. To this new edition was added, ms an appendix, a translation 
of the ^Solidioh of a special case of the general problem,^ by RiJniS 
do Saussurop which appeared in 1893 in Rovnic do rAlronautique 
Tli^oriqua ct Applique, Paris, in connection with a French reproduc¬ 
tion of the above memoir by Professor Langley% 

Tho quarterly issue of the Smilhsouian Mife^llaneoiis Collect ions 
has now reachihd its fifth volume- Twenty papers were publisheil in 
this series during the year, fine of these'papers, *'Home recent con- 
tributions to our knowledge of the sun,” was a lectutt delivered at 
Washington April 22, 190S, under the an.^piccs of the lijimilfon fund 
of tho Smithsonian InstitutioiL Another paper, by Dr. Cyrus Adler, 
tells of the Tvlation of Richard Bush to the Smithsonian Institution. 
Mr. Rusli was agent of the United States to secure the Inquest of 
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Jfimes Smitbson. He successfully completed the legal steps neces¬ 
sary lo establish the claim of the United States in the English courts, 
ami in August, 1838, arrived in New York with half a million dollars 
in gold sovereigns which wore formally transferred to the Treftsiirer 
of the United States. Mr. Rush later rendered important service in 
the organiisation of the Institution and was one of its first Regents, 
serving on llie Bejard from I94fl until his death in I85ft, 

The continued demand for the Smith-sonian Physical Tables, pre¬ 
pared by the late Prof, Thomas Gray, necessitated the reprinting of 
a fourth edition from the stereotype plates. A thorough revision 
of these Tables is in prcparniion to bring the work tvithin the range 
of the important advance made in the science of physics during the 
last decade. 

The volume of "Smithsonian j^Iathematical Tables; Hyperbolic 
Functions," prepared by Dr. George F. Becker and Mr. C. E. Van 
Orstrnml. which was in press at the close of tlie last fiscal year, has 
been completed as a “ special publication-’^ 

Three papers descriptive of my researdies in Cambrian Geology 
and Faleontoiogy Iiave Ijeen added to those mentinned in my lost 
report. These are: Xo, 3, Cambrian Bruchiopoda: Description of 
Xcw' Genera and Spocies; Xo. 4, Classificntion and Temiinology of 
the Cambrian Brachiopoda; and Xo. 5, Cambrian Sections of the 
Cordilleran Area. The last-named paper is accompanied by a num¬ 
ber of illustrations of various parts of the Rocky Mountains showing 
the Cambrian Cordilleran sections which had been examined to a 
total thickness of more than 13,000 feet, 

.\moiig the works in press at the close of the year was a paper on 
" Tjandinarks of Botanical History,” by Dr. Edw'anl Xj. Greene, and 
a work on the “ Mechanics of the Earth’s Atmosphere,” comprising a 
selection of imptfrlant French and German papers translatiH] and 
edited by Prof. Cleveland -\bbe. 

There was practically completed, ready for press, at the cioso of 
the year a Bibliography of Aeronautics containing references to 
abotd 18,500 boolts and papers on that subject, dating from the earli¬ 
est days of printing down to the publications of the present year. 

The greater part of the Anntml Report for IDOS was in type at 
the close of the year, but press work could not be completed. Tlie 
volnme contains 5“ papers showing progress made in astronomy, 
physics, biology, geology, and other branches of knowledge. 

To meet the demand for copies of papers by Secretory Langley on 
oerial navigation, there was rejirinted a special edition, under one 
cover, of four articles that had appeared in the Smithsonian Reports 
from 19i}7 to l$01, as follows: “Story of esperiments in mechanical 
flight” (1897) ; “The Langley aerodrome” (IBM); “The greatest 
flying creature” (IBOl); and “ Experiments with the Langley aero- 
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drome** (1^). The mtroduclion to this reprint, written by As- 
sUtimt Secretary Adler, reads as follows: 

TJir Intem&tiofiB) fame of Samuel Plerpont lanfiley rests prlmaril^f upon tits 
eifocli-m«klnj? reHWPelies la Mlar pbyaics, but durioi: the last ten yeiira of Ills 
Jlfe bEs name was best linawc to tbe worM at Jafife by his vxperlmeota Ja 
mocbanlcal blgjit 

Mr* Lnaeley was tic first t5 pfOdDoe a tmtehino hanvter than aLr wbleb, snp- 
ported and propelled by Its owd Gaeiae and po a s e e t lnp no oxtratieous HfLtng 
or sastoiDlng power, actually tbAdo an IndopOndcDt fll^f for a consldoroble 
distance, tbla being accotupnaliei] for fbe El rut time an May U. ISOd. He nfter- 
wards constructad otber modiols drhen by both steam auij gasoline widuaH, 
wbfeb made frc<iiieBt successful DiglitB, and was tbus ihe fflret to deninnatmte 
by sctnal ssiierimHil Uie poasIbUlty of Diecbanlcal fUglit. 

In addition to building various luodcis amt macblnoa, moat of wbJcb are now 
on exhibition In the Unlual States Xittlonal Museum, ilr* Lunglsy recoi’dcd bis 
atndlce aud expcrltDents En two technical worbs— Exiierintcats In Aero- 
dyiiumlcs," publlsbctl originally by tbs Smithsonian tnstttutlon In iSPl, jind 

The Interonl Worts of the Wind/’ tbo original edition of which was Issuiii 
by the Institution in Isas, Tbo copious and palDstoklng notes mado by Mr. 
LanRley in conncctlou wtiU bis Jateat experiments In oicclinnicat l]li;l]t are 
new In course of preparation for publication and will be tmned by the Institu¬ 
tion en completion, thus forming the third volume of this more technical scrlM. 

Hr. [*auglL'y aliiit wrote a few occasional popular paiiom ralntlng lo this naino 
elSRK of experiments, which wire published In the ftmlilmonlan reports niid cl». 
where, tbo E.><litlo[iS of which are now gnlte estaaustetl* In order io meet the 
ever.Increasing deniunil for Information on n subject which is now oliilmJng nul- 
vensnt attenilou, umi in which air. Lacgky was the pToneer, some of tbese less 
tH.?bi]|cn] artteles arc here lirotight together imd reprinted mider a single cover. 

The publitmtions of the if at ion nl Museum during the johr included 
u IjITge nuiiiher of papers in the Proceedings, und seTeral Bulletiiut, 
the general contents of which are enumerated in the appendix. 

The Btirenu of American Ethnology published its Twciitj-si*xth 
J^nnal Report und a number of BuUetin.s. One of the Bulletins, 
No, 4t!, hy Dr. Ales Hrdlif-kfl, gives the tesultn of his study of tuber- 
culosis among certain Indian Iribes. 


The Annual Reports of the American Historical Associotion and 
of Uin National Society of the Daughters of the Americnn Revolu¬ 
tion were received from those organizations and were communicated 
to Ckingress in accordance with their national diarteis. 

The allotments to the Institution and its htanches, under the head 
of public printing and binding during the pa*st fiscal year, aggrega¬ 
ting $73,700, were, as far as practicable, expended prior to June 30. 
The allotments for the year ending June 30,1910, are as follow.-; ; 


For the SmlibscDian Iiwtltuilou for printing and hlndlag nnimn] re. 

ports of the Boftnl of Regent^ witb general appendixes.__ *10.000 

For the nnanal reports of the National Museum, with general apwaT 
dues, und for printing labels aud blanks for the Ballotlim aod Pro- 
ceedlaga of the National ilnseum. tbo cdltlouB of which sliall not ei 
ewd 4.000 wpies. and hlodtog. to bait lurkey of material net mem 
V|i»«lvc. scleniiac boots oad pamphlets preecated to and ucculred 
by the Natletmi Museum library____ _34 qoo 
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For tlifl tLDDTldi Mporls and of tbo Bureou of Aniorlcan Eth- 

dDloi^ imd for tulsc^nnoecno ^rioting aihJ bbidln^ for Uio burieoii___ f21,000 
For zdIhooI^oodb prltHlug nnd 1ili3dt[i|rt 

Intcmittlotial EscMiiges-—------— ^ 

iDtcmotloiinl Catolotfuo of Bclentiec Uteniliire—^--- 100 

NaUoDiiI -—--300 

AEtroiib^oknl ObB&rvatory ----- —200 

For tbo Danuiil roisort of tlio AiDciiOfiU Historical As343diitIoii_-^__ t.OOO 

The pnictioe of seDding out abstracts of the publications of the 
Institution and ita bmuches to newspapers throughout the country 
has been continued, and in this way many millions of readers, who 
would not have ready acce^ to the ecientific information in the 
papers themselves^ have tieen rt]flched. 

anvusoar ooMiinrEE os miSTisc and PoaiJOATioN- 

The commit tee on printing and publication has continued to ex- 
amine manuscripts proposed for publication by the branches of the 
Tn^tiiution and hna oomldered various questions concerning public 
printing and binding, Twcnly-Hcven meetings of the commit tec were 
held during the year and more than a hundred maniiscripts were 
passed upon* Upon the resignation of Dr. Cyrus Adler, chairman 
of the committee, as assistant secretory of the TnstUutiorif the com* 
niittee wa:i rcorgaiuxe<l oa follows: Dr Fretlerick W. True, head 
curator of biology. United Stalf:s National ^lii^utn, chairman; Mr 
C, (r. Ablxit, director of the Astropliy^cal Olxsen'atory; ]^Ir W. I. 
Adams, of the Internationnl Esdiaiiges; Dr Frank Bakcr^ supertn- 
tciident of the National Zoological Park; Mr. A. Howard Clark, 
editor of the Smitlisonian Institution; Mr F* IV* Hodge, ethnologist, 
the Bureau of American Ethnology; Prol O* T* Mason, head curator 
of anthropology, United States Xational Museum; Dr. (icorge P* 
Merrill, head curator of ge^dogy, United States National Museum; 
ami Dr. lAHmhard Stejneger, curator of reptih^s and hairaebians. 
United Stales National Museum^ 

In onler to prevent duplication of work in the examination of 
papers, the Museum advisoiy cuninutteo on publications was iILscoti- 
tinned and its duties tnuiaferi^ to ibb cotnunttee* 


THE LIBRA RYh 

The additions to the Smithsonian Library during the year aggre¬ 
gated complete volumiis and pails of volumes, besides over 

^,000 part$ of periodical publications. Df the accessions more than 
20,000 were placed in the Smittisonian deposit in the Library of Con¬ 
gress, and the remainder were divided among the libraries of the 
Secretaiy*s office, the Astrophysical Observatory, the National Zoch 
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logicul Park, the Iivtcrnutiotuail Eschatigcp, and the Xattonal Muaeum 
libiTiry, The Ubrory of the Bureim of American EthnoJogy, which 
is administcfcd separately from the general library^ tins also had 
numerous add itions. The Institution has continued the pol icy of send¬ 
ing to the Library of Congresa pubUe documents recoLv^ in exchange 
for its publicatianK. 

During the last two years special eSorts have been made to com¬ 
plete the seta of the publications of scientitic societies aud learned 
institutions jii the Smithsonian deposit, itieluding serial publications 
in the main collection, rcaiiltlng in tlie receipt of nearly 4,O00 parts, 
ail incrca% of more timn 2,000 over the previous year. 

The reference books in tlio Institution and the general libraiy, 
together with the sectional libraries in the Xatiomd Mtireijm and the 
library of the Bureau of American Ethnologj'-, have been very freely 
consulted. 

The importance of the colleetion of scientiBc works in the library 
of the Institution is becoming more und more appreciated curb year 
by the scicntiBc investigator, as is evidenced by the increase in the 
number of publications withdrawn for consultation, especially tho 
proceedings and transactions of tlie sdcntiQc societies and learned 
institudous. 

Tlie assistant librarian iias been engaged in preparing a bibliog¬ 
raphy of aeronautical literature, which includes the indoxing of about 
13,&0U papers in periodicals und proceedings of aarenautical socie¬ 
ties, books and separate pamphlets on the tnibject, and comprises 
all availalde titles, domestic and foreign, pubbslicd before July 1, 
IWJ. At the close of the year the manuscript was ready for the 
printer. 

PSESERVATLON OF" AMERICAN ANTIQUlTIEfl* 


Under the terms of the act of Congress approved June 8. 1906 
uniform regulations for the preservation of nrcheologi™! nnd other 
objects on the public domain wore prepared by the SecretnrEcs of tho 
Interior, IVar, and Agriculture, with the cooperation of the Smith- 
Boniau InstJlution. Under rule 8 of these regulations applications 
for permits to carry on explorations or researches arc referred to 
tlio Sinilhsoniaii Institution for neraimmendation, and during tho 
year a number of liuch applications were acted on tiy the Institution, 

CfJXOltKSSES. i;iII,EIiR,\TlOXS, AND EXPOSlTIO,\,si. 


Inttnationaf Cmgn^ of Onental{g{g.—At the Fifteenth Inter 
national Congress of OrlentalLsts, held in Copenhagen, Denmark 
August 14 to SO, IDOS, the Smithsonian Institution and the National 
Miireum w^re repr^nM by Dr. Paul Haupt, professor of Semitic 
philology m Johns Hopkins University, and aisociate of the National 
Museum in historic archeology. At the suggestion of the Institution, 
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Doctor UmpU I>r. C K. Lirnman, of University^ Prof. 

Morris Jutlrovr* jr,, of liu^ University of Pennsylvunia, and Prof- 
A- V. W. .lackson, of Columbia University^ v,'ere di^ignatcd by the 
Department of Stiite as delcg‘at=c^ of the United States Government 
to this Qorigti^ 

CmrjrevB of —Dr. Franz Boas^ of Columbia Univer- 

Hity, was ropresentntive of the Insiitiilion at the Sixteenth Inter¬ 
national Coiigre^ of Americani^tss;, lield at Vienna September 8 to 
14,. and the Department of SlatfiT ttt the suggestion of the iTJSti- 
tntion^ tlcH!=iigiiated. besides Doctor Boas* the following delegates on 
the part of the United Si^t^ Govemment ^ Frol MaKliall H, Sa’^ille^ 
of Columbia; Dr. Goorge (inint ^feCurdyj of Yale; Dr. Charles 
Peabody, of TTnrvard: and T>r* l^atd Iliiupt^ of Johns Hopkins. 

Fkherif!» Coie\gre 9 ^. — Th^ International Fisheriess Congress was held 
in Vasilington Soplcmlicr ^ to 20^ lOOS^ delegulcs being present from 
a large number of comitries and from various societies and clubs 
interested in feherles. The Institution was represented by Dr. T* N, 
Gill and Dr. F. W, True; the Xationnl Museum by Mr* W. da C- 
and Dr. Leonhard Stejneger. Dr. Bichard Bathbun, Assist¬ 
ant Secretary of the Institution^ served as delegate at large from the 
Government. In connectiori with this congress the Smithsonian 
Institution had offered n prize of 1^200 for the best essay or treatise 
^ On ill tens at bn sil regulation of the fi^Jisries on the high seas: Their 
historyt objects, and re^ults.^^ Tim prize was awarded to Bfr. Charles 
H. Stevensoiit of the United States Bureau of Fisheries. 

TnherciiloHs Uon^re^^s .—In compliance with thfi direction of the 
President^ llie new building for the Kational Museuiii ivas selected 
for the meetings of the International Congress on Tuberculosis, 
$40j000 being placed at the dispo^l of the Secretary of the Smith- 
$onian Institution for the ncce.'Snry arrangements in this connection. 

The plans for the adaptation of the building to this purpose were 
put in tho hands of the superintendeat of construction, Mr* Bernard 
R- Groen* and the work necessary was conducted by him to & success¬ 
ful conclusion* Alioiit 100,000 square feet of the building an the first 
and second floors, exclusive of the south wings, were used for the 
purpo$iO!? of the congress. In order to make the space as attractive 
as possiblej muslin was used to cover the rough plao^ and many flags 
of the United Statcjs and of foreign nations were gracefully festofinod 
about the haUs* The Iru^titiition is indebted to the War, XavYj and 
Treasury departments, and also to the Bureau of American Republics, 
for the use of the flags. The temporary arrungements for the illumi' 
nation of the building required fiOO lamps of SO candlepnwer each> 
consuming about 10*000 feet of wiring. 

'Pho congi'es opened on ^ptember 21, X0O6, and adjourned on 
October 12. By Xovembor 3 all traces of the convention had been 
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Tcnioveci and the jjuilding was again ready for the r<wiiniptioti of 
constniction operations. About S25.{)00 was espended in fitting up 
the building for the congress {^Ifl.OOO being thus unused from tlie 
appropriation). 

Thirty-one independent nntione and forty-five States of the Union 
were represented. There were 438 contributors, of wbotn 312 were 
tuti^ns of the United titates. The total nttendimco at the congress 
was approjdmately 148,000. 

jVinorig the oontributora to tlie exliibits tho Smithsonian Institu¬ 
tion preseiited results of an investigation among certain of the Indian 
tribes for tho l^epartment of the Interior, with o view' to showing the 
actual amount of tnbercuJosis existing. This work wa.s done by Dr. 
Ales TTrdlifka, of the Xationai :Museum, who visited tho Menominee, 
Sioux. Quinault, Ilnpa, and Moliave tribes. The exiiibil occupied a 
space amounting to 18 by 40 feet, and tho congress expressed its 
appreciation of it by awarding the Institution a gold me<lnl. 

As already mentioned in tho parngrapfia on the Hodgkins fund, the 
Institution offered a prbe of $1,500 for the best treatise on “ The 
relation of atmospheric air to tubercnlosisL” 

Annivertanj of lirth of Torricdli.—ht the esercisoa coinmemorat- 
mg the ^rae hundredth anniversary of the liirth of Evangelbta 
TorrieelJi, held at Faenza, Italy, in November. IDOS, Prefect 

Senator Giovanni Copellim was r^^^]nested to act as the representative 
of the lostitiitiion^ 


Amencan Mining t7on^reM.^Dr. George P. Morrill, he.id curator 
of gwlogj'. Uri]t«d States Naficinal represented the rnstitu- 

tion and the Sluseum at the eleventh annual soHsion of the imerican 
Mining Congress, held at Pittsburg, Pa., December 2 to r». innft 



^ .r ■ 7; , ’ oi America." An account of the 

congra-ss, by Jfr. Holmes, is ^ven as an appendix to the npesent 
t^porl, * 

AeromtAiMl e«po»itioti,^Thsi Institution sent *von hr™ ..k.*.. 
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building. The progriunme of the meetings include the ii^nuU num- 
bet of papers covering ft wide field. 

C&nffre»& &f phcioffrapkj /.—The Smithson ijui Institution accepted 
nn invitation to participate in the International Congress on Phn- 
tography at Dre<^en, Germany, May to October, im% and a 
number of enlarged photographs and transparenciesL 
intem^ii4>ml Archs&toffical Upon the reconiTticodation 

of the Smitlisonian Institution Itr. A. M. Lylhgoe. of the Metropoli¬ 
tan Museum of Art, and Prof. Paul Baun of Yale llnivei^itv, were 
dedgnated by the Department of State as delegates on the part of 
the United States to the Second lulernational Archeological Con¬ 
gress, which w^as held at Cairo, Egypt, Easter^ JBOSI- 
Daruiin It was my pleasure, by resolution of the 

Board of Begents, to represent the Institution at the one hundredth 
anniversary of the birth of Charles Darwin, held at Cambridge 
University, England, Juno S2 to 24, lOOfl, when the university con¬ 
ferred upon me the degree of Sc* In this connection a bronze 
bust of Darwinj a gift of many of Darwind's admirers in Anierii^a, 
was presented to the university* 

Unh^arHly of Oeneva anniversortf* —Prof* J, M. Baldwin, of Johns 
Hopkins University, was appointed to represent the Smithsonian 
Institution at the three hundredth anniversary of the founding of 
the Geneva University, which was held at Geneva July T to 10, 1909. 

Univer$ily of Leipsiff anniversarj ^.—The Institution accepted an 
inyitation to participate in the fivo hundredth anniversary of the 
University of Leipzig held July 28 to 30, 1DO0, and Dr. William 
H, Welch, of Johns Hopkins University, Baltimore, Md., consented 
to act 05 its representfltivo on that occasion* 

Cengr^s for th^ HUtory of Bdigi&ns. —Dr* Paul Haupt,, of Johns 
Hopkins University, and Prof* Morris Jastrow, jr*, of the University 
of Pennsylvania, were designated, at the suggestion of tlie Institu- 
tiorit os dclegatea on the part of the United States to the Third Inter¬ 
national Congress for the History of Religions, held at Oxford^ 
England, September 15 to 18, 1909, 

Alusio-Ynkon-Pacific Exposition. —In the act of Congress ap^ 
proved May 27, 190S, an appropriation of $200,000 was made for 
an e3diihition by the Government at the Alaska-Yukon-Pacific Ex¬ 
position held at Seattle, begining June 1 and closing October 1, 
1909. Mr, W. deC. Ravend, administrative assistant in the United 
States Kational Museum, was designated by the Secretary as Repre¬ 
sentative of the Smithsonian Institution and the National Museum* An 
allotment of $24,000 was made for an exhibit by the Institution and 
the Museum to illustrate our national history, especially with refer¬ 
ence to Alaska, Hawaii, the Philippine Islands^ and the United 
States west of the Rocky Mountains, Mr* RaveneFs sccoiint of 
this exhibit k given in an appendix to the present report. 
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Mr. Raveiiel was also appointed by th<i President as a member of 
the United States Government boarcJ of managers of the exposition. 

LAXSLET MKDAL AND SIE.MOHlAt TABLET. 

As a tribute to the mcniory of the late Secretary Samuel Picrpoiit 
Ijangley and his contributions to the $oieneo of aerodromic^^t the 
Eogentii on December 15, 1008, adopted tbe following resolutions 

EcMfjlmK Tkiflt tlio Board of of ilie Rmitliflonlnn liisfttwttiJn eHtotiHBh 

a modal to to kttewn as the Ijinglej medal; to be awarded for speclalTy mert- 
torEona InVBsrtlgpaciius In eoDnixrtloii veltU the acliaice of aorodrumica a ad Ita 
appUeatlon to aYfutlotL. 

Following the establisbrnGnt of this medal a committee on award, 
composed of i.ho following gentlemen of recogniKed attainments in 
tlie science of aorodromics, was appointed by the Secretary i 
Mfp Octave Chnnute, of Chicago, chairman. 

Dr. Alexander Graham Bell, Washington, 1>. C. 
ilaj, George O. Sqnier, U. S. Army. 

Mr. dohn A. Brasbear, Allegheny, Pa. 

Mr, James Means, formerly editor of the Aeronaniical iVnniiftl, 
Bo.^ton, Mass. 

The obverse of the medal is the same as In the Iledgkins mednl 
and was designed by Mh J. C. Chaplain, of Parii?, a member of the 
French Academy. Ft represents a female figure, seated on the globe, 
carrying a torch in her left hand and in her right a scroll emblematic 
of knowledge^ and the w'ords Per Orbem.” 'fl’te reverse is adapted 
from the peal of the Institution as designed by Augustus Sh Gaiidens, 
the Pi>ecial inscription being inserted in the center instead of the map 
of the world. The medal is about 3 indies in diameter. 

The committee recommended that the firsd medal be bestowed on 
WVlbnr and Orville Wright, and the medal was awardcu to these 
gentlemen under the following resolution, adopted by the Board of 
Begents on February 10, 1!>09: 

J?cfofrcdp Tbat the I^nn^ler mednE be awarded to tVlIbar aad OrvElle Wrli^bt 
Tor advancing Hie BcEcnee of aeredromlni Tn Its apfilleatloD to avia Una hy their 
aneeefivfuL InveirtlgaitJoaB and demonBtratioas of tbo praetleablllty of mechanical 

Qlldit by man. 

At the meeting of ihe Boartl of Eegents on December 1008, the 
follnwiiig resolution was adopted^ 

Rctotvrd, That tba Secretary of the Snltbaonlaa InatUotloii be requeated to 
report to tbn Board Hr^nts m eoon as pnictrcEble opoa iht erection In 
the bnlldln^ of n tablet to tho momory of Secrottiry Ijinjfley, aeltltig 

forth his Hcrvlces la coanectloit with the aobjoet of aerial oavl^unoa. 

Designs for this tablet arc now being prepared by a well-known 
arebiUTt of this city, whose advioa I ha^*e requested. 
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M[SC£LL<VNCOt;S. 

OBEEXOtOIl BTATirE OF W.\ H« I>fOTOS, 

The Gre«nougb statue of Waslutigton, which was transferred to Uie 
custody of the Jnstitiition by ioint resolution of Congress of May 22, 
1008, introduced by Representative Jfann, was removed from the 
plaza east of the Capitol in yovember, 1008, and has been installed 
in the west boll of the Smithsouhm building. 

UEMonrAL CONTIskn:i*al hall. 

Under date of April 30, 1009, the president-general of the Kational 
Society of the Daughters of tlio American Revolution communicated 
with the President, offering t« place at the disposal of the Smith- 
isonian Institution the use of the auditorium in Memorial Cuuttnental 
ITflll. The President transmitted this offer to the Secretary of the 
Institution, and its thanks were expressed in a statement that the 
needs of the Institution at present are of a special nature and require 
particulai’ly fflctlitioii for laboratory and rpsearch work, for which 
Continental Hall is not well adapted, but should there be need in the 
future for additional space for lecture purposcsi and the like, the 
Institution would be glad to avail itself of the courteous proposal of 
the Daughters of the American Rcvohiliou. 

NATIONAL MUSEUM. 

The operations of the National Museum are discussed in detail by 
the assistant Eecretary in tJiD appendix to tliis report and also in a 
separate volume, and need not therefore be fully treated here. 

It was expected that the new building would be ready for occu¬ 
pancy before Jttne 30, but delayed contracts and other circumstances 
prevented its completion. The entire stonework of the outer waits 
was, however, finished, as were also the roofs and skylights of the 
building. Much progress was made in the interior and it is expected 
tliat some of the h&lls and workrooms will be ready for use early in 
the autumn. A largo part of the finit and second floors and of the 
basement were utilized in the autumn of 1906 for the meetings and 
exhibition halls of the Sixth Ititernatioiml Tuherciilosis Congress, 
an appropriation having been made by the Government for the erec¬ 
tion of necessary partitions and other fittings. 

It was found to be in the interest of economy' to install in the new 
building a centra! heating and electrical plant of sufficient capacity 
to serve the needs of the older buildings as well, the pipes and wires 
to be carried through a small connecting tunneL 

Over 250,000 speciraens W'ere added to the Museum collections dur¬ 
ing the year, about 200,000 of them pertaining to biology and the re¬ 
mainder to geology and anthropology. One of the most importaut 
4t574Ei'— fin IMO--3 
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iiid<litions to the division of ethnology ■was a contribution from Dr. 
\y. I*. Abbott, oojisisting of ubout iiOO objects from sonthwestcrm 
Borneo. I may also mention a number of Chinese vdveis and em¬ 
broideries of tho Cbien-Iung period (1T3G-1795), presented bj' the 
Baroness von Steni!>ergas n memoriul to her liusbond, the late Baron 
Speck von Stoiiherg, German ambassador to the Gnitcd States. To 
the teclinological collections were added more than 200 objectii trans 
ferred from the United Stales Patent Ollice. These included a num- 
ber of rifles, muskets, revolvers, and pistols, making tlie firearms ex¬ 
hibit in iho Naiioufti Museum ore of the finest in the country. Many 
other objects of interest are enumerated by the as.sistant gecretnrv in 
bis dciuitcd report, llie department of biology received n noteworthy 
pft of about 1,300 European mimimnls and Gl reptiles from Mr. Old- 
field Thoiiius, of the UritiHh JIuhouiu, and Mr. Gemt S. Miller, of 
this Museum. This has so greatly increased the imjiortaiire of the 
^atlonBl Aluseum collection of the mammals of Europe that it now 
ranks as one of the largest and most valuable in the world. I may 
also mention a contribution of about a thousand mammals and birds 
of Borneo, received from Ur. IV. L. Abbotl- 

In connexion with the work of excavation and repair of tlifi Casa 
Grande ruin$i in Arizonn, under the direction of (be Srailhsonjan 
I^titution, ax authorised by of Congress approved March 4, 
190i there were collected and placed in the National Museum about 
E,tme axes and hammers, rubbing and grinding stones, eartben- 
ware bowls cod va.®, pieces of l^asketry and textile fabrics, shell 
ornamenis, and wockIoh implements. I-'rom similar excavations in 

500 obpcl, of lit, clwmclor. Tl,. dep.rtmml „f 
. IM^ »nes of CnmOrun tail, o,o Etofcy MmSalns, .0“ 

to the wll^ions many mterasung objects pertaining to mineralogy 

^tl paleobotany Eighty-two regular sets of geolo^cal specimens 

'Vf^ dislrihiited during the year fo? educo- 

bntei anTfiS’ ^ specimeas of geology, marine inverte- 

pmies, Jind Dshes arjrting&iJ m sp^K!ijjl sets 

In my last report mention was made of a loan collection of laces, 
mbroidene.9, rare porcelains, enamels, jewelry, and other artistic 

This coUw'M, t j IT^mchot „T,; 

the assistance of a committee of ladies of Washinrfon Th. T 
of .ho ooIMoo -» ItaUod „„ of 
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Two Hold pnrties io which the Institution and ^{u^um are greatly 
interested left this country during the yenr for important collecting 
regions, from both of which especially valuable results may be es- 
pected. Tlie first, which will csplore Java and some of the adjacent 
islands, is being conducted by 5fr. Owen Bryant, of Cohasact, 3Iass., 
entirely at his own expanse, Ho is Hocomponled by Mr, ITilliBni 
Palmer, of the Museum siafF, and will present to the Museum a 
large sliarc of the specimens obtained. The party sailed at the be¬ 
ginning of the calendar year Ifm. The second expedition is that 
under tbe direcliou of Col. Theodore Rooijevclt into British East 
Afritin and more inlands djatricts. This expedition is more fully 
mentioned on another page. 

In the near future it will Iw possible to give the natiouai Mllections 
adequate space and more systematic arrangement. In the new build¬ 
ing it is proposed to exliihit collections representing ethnology, 
areheology, natural history, and gcologj-, while the older building 
will be more specially given up to the arts and industries. The 
Museum thus amply prodded with space will enter upon a new era 
of prosperity and usefulnoj^ 

NATIONAL OALLERT OF ABT. 

Some notable accessions have been made to the Nationnl Gallery of 
as enumerated in the appendix. I may specially mention addi¬ 
tions to the Charles K Freer collection, consisting of a number of 
oil paintings, pastels, 247 pieces of oriental pottery, and 25 miscdla- 
neons examples of oriental arU Mr. William T. Evana has also in¬ 
creased his generous gift of works of conicmporary ^Imerican arlista 
so that it noTv numbers 84 oil i^iatuigs, representing 58 artists. This 
collection, which Imd bwn exliibited for some months ut the Coreniran 
Galkiy of Art, was transferred to the Ifusenm building during tbe 
first week of July, 1909. 

Congress having failed to authorise the adaptation of the largo hall 
of the Smithsonian building for the exhibitloti of the rapidly in¬ 
creasing collection of worlis of art, it baa become necessary to make 
temporary use of one of the halls in the new MuBeiim buildiixg and its 
adaptation to that pur peso will soon begin. 

BUREAU OF AMEBICAX-ETHNOLOGY. 

The Bureau of American Ethnology^ during the year has been 
engaged raainly in making Eummaries of the information resulting 
from many years of study, both in the field and office, of the lan¬ 
guages, social organijation and government, systems of belief, reli¬ 
gions customs, and arts and industries of tlie Indians, as well ns their 
physical and mental characteristics, 
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The bureau has collected data relstini^ to 60 families or lin^istie 
stocks and upward of 300 triljea. It does not expect to study all of 
the tribes in detail, but rather to investtgate a sufficient number as 
types which may stand for alL The results of the work heretofore 
aooomplisbed are embodied in 26 published reports, 36 bulletins, 8 
volumes of contributions, and in in any manuscripts preserved in the 
archives of the buresit. It has seem^ wise at this stage of the re¬ 
searches to prepare a siimmary of our knowledge of the trilies, and 
this lias taken the fonii of a Handbook of tlie Indians, of which one 
largo volume is published and the second nearly through the press. 
In order to keep this summuiy within the compass of an easily con- 
sjdted handbook many important subjects are treated merely in out¬ 
line. Otlirr handbooks dealing witii the more important branches 
of the work are in couise of prepm-ation. The firel is the Hand¬ 
book of J.a»guagcs, w'hich is jiou in press and will form two vnimues. 
The arts and industries ore also being treated in separate volumes, 
and handVraokg relating resjiectively to religions, folklore, social cus¬ 
toms, governinent, sign language, pictography, ajstheiic arU. phvs- 
ical and mental characters, pathology ami medicine, ardicology, g^ro- 
grnphicnl names, etc., are in prospect, 

Tlie people of the United l^tafes have two great obligations which 
the bureau is trying to fulfill; (l) That of acquiring a Ihorongl, 
knowledge of foe Indian tribes in the interests of liumanity; (2) 
that of preaerving to the world an adequate record of foe Ame rira n 
race wbidi is so rapidly disappearing. The work is of national 
even of world-wide, inipurtauce, und unless steadfastly carried for¬ 
ward by the Goremment can never be completed. 

EecenUy much iwpular interest has been manifested in the antiqui 
of the country, more especially in the greot pueblo mins oud 
diff dwellings of the and region, and tho Fiftv-iiinth Congress 
enacted a law for the pmservation of these antiquities. A. first step 
m makmg this luw effective is their exploration. A second is the 
excavation and repair of foe more important ruins to insure tbeir 
preservation and to make them available to the public and for study. 
Dr. J. TiN alter tewbes, of thij Bureau of American Ethnolo^' has 
(»ntinued the work of ucavation and repair of the ancient mins in 
foe Mesa Verde Xational Park, in cooperation with tho Department 
of Lbfi Interior. During the year the repair of Spruce Tree House 
was completed, and at the end of June be had made excellent praoress 
in nneovermg and repairing foe cnimbling walls of Cliff Palact the 
greatest of foe ancient ruins of ite kind in this country. ^ 
There is n^ a^ for ethnological work in the Hawaiinn Islands 
and Samoa, for the following reasons; It is regarded as mort im 
portant that the Government ahould have defin^ and detailed in¬ 
formation regarding foe native inhabitants of these islands, wJb 
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are under its control and for whose welfare U is responsible. It is 
not less a duty of the nation to pr^rve some reocird of this pectilinr 
race for the purposes of history and science, as neglect will Ixcoino 
a source of deep regret. An esperienceci ethnologist should malic 
investigations regarding the history, social institutions, religion, and 
general culture of the peuplc, and ii physical snihropologist should 
study their physical and mental characteristics. 

A Work by Dr. If, B. Bmersotj—Unwritten Literature of Hawaii; 
the Sacred Sungs of the Hula—is now in pross, and there is also be¬ 
ing prepared by Dr. Cyrus Thomas, of the bureau’s staff, and Prof, 
n. Sf, Ballou, of Bitetoji, Afuhs., a catalogue of booici and papers re¬ 
lating to the Hawaiian Tsinnds. 

Another field for retearch that should be dcTOloped is among the 
tribes of the ^liddle West, There is now a strong sentiment among 
historical societies and educational institutions of tiiis section in favor 
of prosecuting more vigorously the studies of the tribal remnants of 
the Mississippi Valley, for it is realized that when the old people of 
Bie present generntiou have passed away the opportunity for collcct- 
ing historical utid etlmologieul data wiU l;e lost forever. 

Air, J. P. Dujih has been engaged as a col ia bora tor of tiie bureau 
on a study of tho linguLtios of the Algonquion trib@ of this region, 
and Prof. JI. E. Bolton, of the University of Texaa, has coiitiniie<i 
his studies on the tribes of Texas, 

OUler collaborators of the bureau havo been making special 
investigations relating to various tribes iu different parts of the 
country. 

INTEKKATIONAL EXCTLAN^GES. 

For liie purpose of mono fully carrying into effect the provisions 
of tlio euclmnge convention concluded «t Brussels on March 15, ISSfi, 
and proclaimed by the President January 15, ISSS, a resoluUon was 
pas^ by Congres during the year setting aside a certain number of 
copies of tlie daily Congresaionoi Record for c,xchango with the 
It^gislaiive chambers of foreign countries. Under ibe authority 
contained in this resolution ari'angcinenta for the esduinge of tlic 
parliamentary record have been entered into with 2l governments, 
and the matter boa been taken up with a number of other countries. 
It should bo stated in this connection tliat the convention here re¬ 
ferred to was the second exchange agreuuiCJit concluded at Bruasela 
between die United States and other cotititri® on March 15, 1886. 
The firet convention was for the e-xebango of govermnent documents 
and scientific and Uteraty publieatioua, while the articles of tho second 
agreement niado it obligatory' on the contracting States to transuiit, 
immediately upon publication, a copy of the oflicial journal to the 
iegiakturus of each, Tlie full text of the resolution, together with 
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further details ooncseraing tluB exchange, will be found in the ep- 
pended report on the exchanges. 

The increase in the number of packages handled by the bureau 
during the past year was the largest in the history of the exchanges— 
S5,TTT more packages haring passed through the service than in 
190S, tlie total number being 228,875. Tbo weight of these pack¬ 
ages was 476400 pounds, a gain of 40,684 pounds over Ihe prepaiding 
year. 

The congresatonaJ appropriation for carrying on the system of 
exchanges during 1909 was $62,200 (Iho mme amount as was granted 
for tbo preceding year), and the sum collected on account gf repay- 
menL^ was $6,777^6, mating tlie total araUiible resources $35,977.33. 

The results of the eHorts of the bureau to procure larger returns of 
pubHeations from abroad for the Library of Congress and tho several 
departments and biirGaua of tlie Government have bean more than 
satisfactory—in fact, they bavo far exceeded my expectations, in 
some eases hundreds of volnniM having been received. 

The Japanese department of foreign afTairs, which has in the past 
been good enough to distribute exchanges sent in its care for cor¬ 
respondents in Japan, has recently signified its willingness to for¬ 
ward to the Smithsonian Institution consignments bearing addresses 
in the United States. 

A bureau of exchanges has been established by the Kingdom of 
Servia and placed under tlic direction of the department of foreign 
a (fairs at Belgrade, and the Argentine oxchyuge burtiau has been 
separated from tho Notional Library and coiinedjed with tho super¬ 
vising commission of public libraries at Buenos Aires. 

The total number of full sets of United States official publications 
now sent regularly to depositories abroad is 55, and llie number of 
partial sets 33, Servia having been added during the year to the 
former and Alsace-Lorraine to the latter. 

The number of correspondents has increased from year to year 
until die aggregate is now 62,630, or 2/^7 more tlian at the conclu¬ 
sion of the E^l year 1906, 

KATION.VL ZOOLOGICAL PARK. 

Ttie Kationai Zoological Park during the year added 576 new 
animals to its coUectioas, which olTsets a loss of 562 by exchange, 
death, and return of aiumals, and brings the number of individuals 
on hand June 30, 1909, up to 1,416. There were 564,639 visitors, a 
daily average of about 1,547, the largest number in any one month 
being in April, when 127,635 were counted, a daily average of 4554. 

riie entire support of the park was derived from an appropriation 
of $95,000 for general purposes, including the purcliase, transporta¬ 
tion, care, and mainteuance of animals; the care and improvement 
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of groiiotls; the construction and repair of all buildings, indoaiires, 
roads, walks, and bridges. Of this iimount the increased price of 
necessiary proYisioris uiid labor brouglit the of maintenance alone 
to about $85,000^ It was therefore possible to do little toward per¬ 
manent eonatruction or improvement of tlio inore or less temporary 
shelters, roads, walks, and inclosiircs which lack of adwitiate funds 
at tlie lime of the inception of the park made it necessarj' to build- 
It has not been passible m jet to develop the park to the standard 
that such institutions iisufllly attain at tlie capitals of great nations. 

Tlie improvementij made during the year were for the most part 
those necessary for the safety of visitors. A series of yards for Ixaara 
and ten new yards for foxes and wolves were constructed, however^ 
and many of the roads treated witli tar preparations to prevent dust 
and abrasion. The superintendent of the park states that there are 
needed: .\ new aquariuiii, the present building being originally a hay 
shi^ily now in a nio^^t dilapkinted condition j ji gciieinl uviarj and out- 
of-door shelter fnr hardy birds| an inclosure for sea lions and seals; 
an Jintdope houi^vc; a more centrally located oSico building; a restau¬ 
rant and retiring rooms for visitors; and further improvements to 
roads and walks. 

Of the 5TG accessions to the collections during the year, 124 vrero 
gifts to the parki 12 were received in exchange, SOT %vcrc purchaseil, 
9 were deposited, 110 wore born and hatched itL the National Zoolog¬ 
ical Park, and 14 were captured in the Yellowest one Xational Park. 
It is expected that the collections of the Zoological Park will benefit 
citbur directly or indirectly through the Smitli^nian Afriain expe¬ 
dition under Hr, Theodore Koosovelt, which left this country iti 
March and is at present engaged in gathering specimens of fauna 
in Africa. 

The appropriations during the eighteen years since it was estab¬ 
lished huve pcimitted of the erection of only three permanent build¬ 
ings, all of the others having necessarily been constructed dieuply 
and as tGinimiiiry makeshifts io meet the successively urgent require- 
monls of the growing ^collections^ The result Ls that at the present 
time most of the animids are housed in poor wooden buildings and 
exposed cages, which are not only inadequate and iinsightlj but ali^ 
entail a larger annual expense for repairs and maintenance than tlie 
dictates of economj'^ would seem to justify* Elaborate and ornate 
buildings are not called for, but the necessity for substantial struc¬ 
tures Eidapted to the requirements of the different groups of animals 
can not bo too strongly urged. 

It is also to be Lortio in mind that the Zoological Park is a part of 
the great park system extending through Hock Creek Valley. Its 
mmti retails arc continuous with those leading up the cr^k and are 
traversed by the same vehicles, including heavy automobiles, which 
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makes it nocessarjr to main tain these roacla <m a better basis than 
would be requined if they were intended solely as entrances to tlio 
Zoological Park, Tlie liea \7 expense which thm involves falls upon 
tbo appropriation for the park, u fact which, it is felt, may not have 
been ftiUy rcaliiced by tlie Congress in considering tbe park estimates. 
Attention has heretoforo been called to Ihc importance of acquiring 
the tier now tracts of land lying between the park boundaries and the 
recently established liigbways on the southeast and west The high¬ 
ways were located as dose to the park os the topography would per¬ 
mit, so as to reduce these tracts to a minimum width, with the 
expectation that they would be acquired by the Government. Prop¬ 
erty in this vicinity is grndiifllly increasing in value, and in the inter¬ 
est of economy the tracts should bo secured now so that the park 
boundaries may he permanently eatnblbhed and gtiorded against 
injurious encroachment by adjacent grading. 


iVSTROPlIYSICAL OBSERVATORY, 


The work of the Astrophysical Observatory during the year con 
sisted: 


(1) Of bolotnetric observations carried on at Washington on the 
brightness of dififerent parts of the sun’s image | ulso some experi¬ 
mental work on the tronsporency of the air for long-wave raj-n, such 
Bs the earth radiates. A compulation of the results of these experi¬ 
ments is now far enough advanced to show their sati^factoiy quality. 
Precise knowledge of the selective absorption of our ntnio^ihcre for 
earth rays is still lacking, and contradictory riowa arc still being 
expressed about this important subject; hence it La hoped that these 
eiperhoeuts will bo useful in the study of the dependence of the 
cartli’a tefnpeniiture on I'adintioiL 


(2) Spcctrobolometric measuremenlH of the solar constant of radin- 
tion hftVB been continued at the Mount Wilson observatory in Cali¬ 
fornia. As m former years, m-idcnces of a fluctuation of solar radia¬ 
tion were found in the results of the measurements thus far obtained 
A mw and improved standard pyrheliometer wns found to be more 
ffltmfDetoiy than the one used in leOfi, and grant confidence is felt 
in tlie results obtained with it. Efforts have also Ix-en made to 
caiT}' the boiomeLne measurements much farther in tlie ultra-violet 
thratigh the use of a large quartK prism, a large ultra-violet gloss 
prism, and two megnalitim mirrors. Mr, Abbot, the director of the 

nlS 'k' of Mount IVhitro, 

(14,002 fott), oktie Ho uiMitubon js preparing to trart n thritij 

hou» far th. o« ol obrervrre. Thi. fa U.. reoontoin up„„ ^ A 
Mr Long o, 0.rT,cd on h.o noll-kno^n ohoorrotiono in l£l, nnd fa 

further study of the solar constant of radiation. 


EtiPOftT OF TTTE SEOEETART, 


31 


As stated in the two preceding an nun I reports, it is liighly desirable 
to contintte the solar nhservatioiis throughout the year, and this can 
be aocompliEhed by observing during Ihe winter and spring montlifl 
in southern MexicOj where a cloudless sky and high altitude of llio 
sun may he had, 0 Ithough during those nionths bad observing condi¬ 
tions occur in the United States. ^“Hitherto lack of funds has pre¬ 
vented 0 {Mexican expedition. 

The work of the okwvatory is receiving highly favorable not ice 
both in I his country and abix^nd^ its resnlts l>cing employed by onr 
own Weather Bureau and by foreign investigators as a basis for 
tlieir measurements on Llie radiation of the sun. 

T]S'TER>AT10KAL CATALtXJUE OF SCIENTIFIC IJTER^ 

ATURE* 

The purpose of the International Catnloguo of Scientillc Litera¬ 
ture is to collect and piibiiEh in IT annual volutn^ a classified 
index of the current scientific poblicationa of the worlds This b 
accomplished by the cooperation of 32 of the principal eonnirics 
of the world, each having a regional buieau wliicli prepares the 
data necessary tind indexes all scientific lUcraturo ptiblisbed within 
its domain. The material thus prepared is forwarded to n central 
bureau in l^nc1o!i for publication in the aimual volumes. 

The various subscribers thronghoiiL the world bear the entire cost 
of printing and publiahing by the central bureau^ caeli country tak¬ 
ing part in ilie enterprise I™ring the cost of indexing and classify¬ 
ing ils own publications. The IT annual volirmcs combineil cx>ntain 
betw^een 10,000 and 12,000 printed pages. 

The regional bureau for the United States furnishes yearly about 
30,000 classified citations to American scientific literature, which is 
between II and 12 per cent of tho total work. 

Jilillions of dollars ara being spent each year in scientific investiga¬ 
tion atid riiany of the foremost men of the day are devoting their 
entire tiuie to such w^ork. The results of their labors find publicity 
through some scientific journal of which there are over 5,<KM3 ijcing 
regularly indexed by the varioiig regional hurcaua, and over r>00 in 
the United States alone. In addition to iliese periodicals arc hun¬ 
dreds of books and pamphlets, all of wbidi the Intern at ionii! Cata¬ 
logue aims to index in ita yearly work. 

The International Catalogue furnisher m condensed, accurate, and 
permanent form a minutely classified index to all of these publica¬ 
tions. Tt ia nceessarj' for each paper to be carefully studied by a 
person competent to thoroughly understand the subject treated, as 
rhe method of clftssification actuaDy furnishes a digest of the con¬ 
tents lu additipii to the usual bihliographisal data. The catalogue 
is to science what the legal digest is to law. 
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During tte past year «,409 classified index cards of American 
scientific lit^tura were prepared and forwarded to London, as 
compared with 28,528 during the year preceding. The publication 
of the sixth annual issue was completed during the year and 9 of the 
IT volumes of the seventh annual Lssue were received frran tlje Central 
Bureau and distributed to tlie subscribers in this country, 

NECROLOGY. 


OTIS ‘TUl’TON MASON. 

It is with deep regret that I have to announce the death, on Novem¬ 
ber 5,1909, of one of our strong men, Prof. Otis T. Mason, who had 
been associated with the Institution since 18T3, first as a collaborator 
m ethnology, next as curator of that branch, and finally as head 
cu^tor of the dopartment of anthropology. I may say, Indeed, that 
this association and influence dates much farther back, when, at 12 
years of ajge, in 1851, he began his education in Wadiington when 
the activities of the Institution affected every intelligent dtiaem 

Professor Mason was bom in 18S8, so that his life has been almost 
eontomporaneous with the Smithsonian Institution, and lie bears an 
honorable share in its history, llo says in his autobiography: 

^ Sirflterrauceti pwpa™. 

Ti? l>«rri*Hfnt]r aaiil tbG earlf stiwlfea, wtieo a cOnnee Dcnualnt- 

aa« with P»fc««>r Ueory ond ProfesscF BalnJ, of u» Snilthajnlaa Instltutloe 
o^wl the Wt^cm Mcutlspherc to my mind aiid dianonl the current of 

His y^ble qualities as a man, his eamestne^ in his work, and 

one to the 


CuAKUiS D. W 


Respect fully submitted. 


AhcoTT, Htcivtary. 


AVFEWDilL 1 . 


HETORT on the UNITI21> STATES NATCONAL MUSEUM, 

Sta: I liaTe tile tiottor to submit Ibe lollDwlug TFP^tt uu tJia opcnitimts of 
th«& UQltGd States Katlacfll Mnseum fur fiscal jvat mCiiag June 30, lOOfl l 

luiuiiar.v, 

Altbciugb It Lfid bean fulljr i?Jci«Gte(l, na exfilaloed In Uie In^ rt^jsortp tbat tte 
new buMdlu^ wonia comtaeteJ tH?fore tbe cJofic of Oiq yenr, deluyijd cfiutmcts 
and utber cirijtiiiifttQiices Interfered so graitty vfith tbe pre^reaa of the wotIe 
tbut no pnrt of tbo atrucliire wjia In coudltlon for oeeupnney at (bu cud of 
June. The cntSre stonework of tbe unlfir wnlls of tbe buEVdlni:, Including the 
porcb, eolamns, unii front of ibc »titU whicli tlie mnln ^trance 

Is laestet]^ wus, hoa'ei'er, flnlsbod, as were the roofs ond skyllfilits of tbe bnSM- 
Jnff generally, Tlie pLariii^ of the slnte on ttio dome of tbe rotuudn and on tbe 
adjacent roof of tbe eoulb riavlllun wuh nmler way, tint tUe luylnp of tbe 
^teaialve gmnlte uppmaclie^ for wkleli tJie alone baa been deUrerod^ bad not 
been UegntL 

Muck reinaliia to be done in tbe Interior of tbe rotnadni, bnt os It Is Ibe mala 
jiftrt of til* bulldlug wbicb la moat urgently aoeflod for tbe aceommodatioii 
of tbe oadeetlQaa and iHboratortea, Lt ts there tUnt tbe work bus beesn nmst 
hermetically prosecuted, Eacepl for some special ithis, aacb aa metnl doorn, 
imaaoiiL^ etc,, the eoDStniettott of wbteb will re<^nlre aoveral montb^ It le 
expected tbnt at lenst some ptirts of tbe building will be ready for nsc and 
Hint tbe tnovlcg from the older hiiUdtngH may be started before nuittmm 

tl Jis Intorestltig to mention tbnt the building baa already brctt made to 
sen'O a cotnnieiii.lnb3e purpose as Ibo meeting ploce of tbo 8lxtb Internallonal 
Tubcrtnilo^n OangreRfl. held In tbe early nntumh of lUOsS, Being tlieii In a very 
unfinlslml cotnllllnp* tt was necessary to make irpectal armagement^ jiuthorlied 
by nn net of Coticre^ for aucb partitions and otbcf dilltims as were required 
for tbo accommoda t Eon of fbe soveml soetlons and for Ibe dEsplay of the exten- 
she oolleettouB tbat were hrougbt together. A largo part of the (Irst and second 
floors as w^fll as of tbo hnsemeht was given over to tbe eongr^^ and while 
tbo progress of copstrucliou on tbo btiEldJug was Lherehy mneb retardcib the 
delay may he regiirded us hdJy alnctloftod hy tbe eiei^tionallj ltllp:^^tant 
nature of the event wblcb oKaiBloncd It. 

The teconstmctlou of Iho main roofs of the oM Mttfiouni building was com- 
pleted during the summer of IWia. when the ala to covering of the rotunda was 
replaced with ILil Tbe Ufae of sTnte on thefic roofS in the beginning hnd been 
a mlatuke in view of tbolr gherolly all^t pilch and the relntlvelj: light cbarRc* 
ter of the HupiKirtlng Iron framoworlL The Old roufit had always Imiked badtyt 
but up to the present time the new ones have shown no wcahness of any kind* 
and It Is fell Unit they have becii hnllt Eel a proper and substantial manner, 
Other Important repairs Interfered with the work of filling in the large nrdi- 
wojfi bctweou the balls of tbe old building, Inteaded, as exphilued In prcvloum 

33 



34 


ANNUAL RF.POHT aMlTHSOKTAN INSTITUTION, 1009. 


r(M»Ort^ to ligtlnst Uifl Eprerad Rre, tbou^h aoin^tlihig wit* done In 

tills dlrectloD. A tnucJvneeded olti^nitiein In tbp airaDgcmi^tA una Mbvenlencca 
si tbs pbotoRTupb gnJkiT was In prcgrees ni the ead of tb^ jresf, 

^fnch work wtia done In the preberntloa and constnietjon of furntturs for 
tile buETdIaf, more especliilly for tbs Btorngs rooms nnd liEborutorleB^ In 
whieb It iH Liupsrliitit tbnt fireproof niEiterla] he eniplojiel to the grosteat ox- 
tsbt pwiHlhlo. There Is already Lii use a large aniDuot of wooden foroJtnrc of 
msdern aod approprfEite dealgn whLcb It wonld be (srtmveffjifil to aiH|>eEise trllii. 
lihd It 1 b therefore hetog ^icaUicd with sJieet atecl to eonfono to tbe required 
SObdltlDUfL 

la ireanl lo new sforaip! fnmlture^ an effort la beJnij rrmde to obmltt uH 
metni work, and lii view of Ub recent redDCtlou In cost, due to conipotltlob. It 
now appears feaelblo to btovlde for the protection of the IminenBe reserve coh 
lectlcms on n basis Iti keeping witb tbt^ substfintlnt chn meter of tlie bnllding. 
There were on band at the cloee of tbe 2.1(17 oihlbltlon casosy 34&4 aioruBe 
enwa, und IpGdC pteces of find laboratory fnmlinre. 

The boiler and oTeolrlciU plant Instnllfui in tbe new buHdlngp embodying the 
latest ImprovemciLta^ Is found to be of snEnclent ciLpacitj for also Inmtlmt and 
Rghtlng tbc older bnlldlmm. and. In the Intefest of oconcitny. It bira been de¬ 
cided to make this one pljint Bfine for alL Platis for cmrndiiur this nrmngetoent 
Into effect wore nearly completed nt the cloRO of the year, and It 1a espected 
tiiat the eonnectIuiiB can bo bande before nntuum. It will be necesaory to con^ 
stnict n umall tunnel for rarti'ltifr the pipe* ntiil wlrea fmm the now building 
to ihe Smitbeonlan buildIng. whets they will enter the oAlstlng conduits WblJo 
ibo new bnltdlng will bo hecited by hot water, stHim will be corrioa to the 
older bntlclluga^ the latter being tbe medlnm for wlileh their pipes nnd radlntora 
are now ndnptcd. 

ITATIOPfA^ QALUtMt fir M-K. 


ny a YMnl (teed af gift, (luted Jtay 10. lOOO, Mr. Charles I* F^ecr. o( Detroit, 
iltcli.. ii(ltl(?(] to h(a Inrfpj dunattun Cl^ Ajiierl(?aji and (Jtlehtnl an (he follow lug 
Maiu[hU'a pcqiiired bIiks! the tirmofor of the jFrcvIoua jmr. tuunely; Four oU 
polntlrit's and 1 jwstel, by Dwti:l(t W. Trj oji; a ell iwlnilnBs ami i paaiel, by 
Tbtmiaa VV. TVewlosi a portrait of es-Ptest4i‘»t Roosovelt, by J. Gorl llekhen; 
2 nil imliiliJiK*. 1 water cutor, 4 draw lugs mid sketehea^ 1 album of SfeetelieB! 
and 3 etdilsfH and dry poitita, by Jaimw iJ(;Kelll Wlitnier; 4 orlmtal palatlnsa: 
247 plecoB of orleatal pottory; nod 2R mlscellnorMiia (nanipl<>a of oriiwitnl arL 
Mr. Wltllapi T. Ivrans, of New York, also cjontlnued to tnake Imporbmt addl- 
llonc to Ills (MlloctlDD of tJie works of contemporary Auierl(siii artiste, wbicb. 
at the (dose of tte year, nuuibered M oil pciIntltiBJi lecelred In Wnshlnstoti. rep¬ 
resenting GS artist*. As the Corcoran Gallery oU Art required for lia own use 
the *|irtee wLlcIi Iuih bcott ocenpied tiy the Evans p1clur(rti, the tra(infer of tllo 
latter was arranged for In Jnne and wirrled Into effect during tlie llrst weak 
of July, IIMW, Tho walls and semma of the picture enllcry la the .Vfuseuni 
hnlldlnp were entirely given over to this coHectlou, ntid the hew Inaialktlon 
dl^lnya the palnlinga to iiin(di better advantage thun the previous one. This 
(jliaupp. however, niiccasltotcd the removal of the palntiDE* whKtb have hitherto 
been hnnglug lu the gallery to iHnparary (jiiarters Id the Smlthsodtan huddiDE 
It Las now become imperative to provide some place where the palntlues 
looglojf to the National Gallery of Art csd be seyreeafed, and dure thn dtlltia; 
up of the accoad story of the SmitbsonJaq hulldlug has so far fiilled to secure 
T of CWEresB. It has b«r, decldtiJ to make temporary (tse of otie of 

the aky gbted halls Id the new JIuseuui btilldlug. its adatitnliuu to (hla tiur- 
pD«c^ will Uak^ np curly lu the new fiseni ycafn 
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It RbQoM be mentlosieil lliot ttie portrait of GBlwt tto Freccli 

irhBtfsioiLBTi iiTifl writer, tty Ct, P, A, bplonetufi to the Gorormtuait. hAi hee» 

recalled from live Cofcorflp CftHoiy of Art, An IcaportAiat addition to tlie 
bEotorlcfll-portrait series Is a fuiyco^b painting of Eear-Adnilral George W. 
Mel 7l lie, U. S, KHry, bj Sl^smoiad de Iranowstl. This portrait was exeeuteil 
oo llie order of a oiunber of friiatElJi of tbo dlstlngalRhed naral officer nud pre¬ 
sented tbrooi;]] tite American Society of MecbaDlenl EogLoeers: at their annoal 
xiieetiiiEp held in ^S’^asblci^too, In IfWO. 

IftT TEXTILaS. 

The loan collection of nrt testticn nud other objects bo^no In May, lllOSt by 
Mre, iiiinea W* Pltii:linl> wUh the aKslatnnce of a iinuiher of Ladle* of ^V^nshln^- 
(uot has received much nttei^ition, and I la Importaneo Las boon gr^tly tnerensed 
by mmy vn Ion hie mldltlops. The JlmUeil nuiDiiQt of space which coitid be 
allotted to this subject hi the jdcttire tmllery tended to restrict the ntimbcr of 
contrlbntlonm bill m soon as the remOTnl of the palntlaj^ to another ball has 
been efrected the eiitire area of the present one will becDiui* uriiJJuLle The col¬ 
lection Is now contained In 2t cases, of whieli & are doToted to Jacea, j" to other 
nrt fnbriesr 4 to poneeloinB^ 2 to enameljv 2 to fans. With ihe^e nre nJeo 
exJilbltiKl ntiiiieroiis oititnplea of Bllvctware, Jewetryt nud wood find trorj 
rurrliig; There hare been 23 contrlhwtors atnee ihe last reiwri. The assemblDsc 
of lace cousiittUin the most noteworthy port of Ibo GOlIcotlon* beLag ojcocdcd 
in vnrlcty nnd Tnlue only by the oollecUons of the MetrapoIltaJi Museujn of Art 
of New York and the Boston 31iisetim of the Floo Arts. This art inovewentt Oii 
iiii0plclonaly Innugnrnted and so earnestly sopported^ if It he seflulodsly Itd- 
lowc^ ii|T. is oortnia to prove au Important factor In the fnturo history of the 
National 3Tnsei]m. It was started with Uie dodoUe ptirposo of s4Llmijlatfng the 
formation of a permanent oxLlblh which ahoiilil bo ruined not oal^' on necouut 
of Its attnictiTcncf»i nnd hlatorical iatarea»h but more eopecEnlly ns furnlsbJng 
CDotlvcA ifod doeiipi^ which may help to elevate tiic siiindiird of art workman¬ 
ship in tills country. Its btowUi has hwi mtceptlooal, and It Js honied Umt I is 
Intent Will he fulDIEed 

jtooiTiuNji TO tHi coLnacTioKS. 

Thn folnl nmiiber of accessions to the Zduseuiu durlin; the yanr was 
comprising 254,7,S7 ai»eelmens, dlslrEbiited among ihe three departmentA n* fol+ 
low's : Anthmtiolot^, 2t3^4O0: bloIoKj-, 21G;rt24 ; and geology, 12;,0G3, 

I^rparimvni of Aathmpalopy.—The most Important contribution In eihoologj 
coDffEsted of about SOO objects llluslratlng the bandiworb and domestic arts of 
the natlvoB of sontliwostara Borneo-^ collected aod tiresonted by Dr. W. L- 
Abbott, to whom tbo 5iluijeuci was already Indebted for scveriil iorgo gifts of a 
similar character from the Mo lay plan region. Next nhoald be mcufloped a 
valuable eoHectton ^^TiaEmd by Dr* Ale5 HrdJJfka la the courso of Lis Inve^ilgn- 
tlona relative to tuberchloeda nuiong the Indians o£ tbo southwestern Uulted 
States, and many objects from the northorn coast of ALssko^ donated by air. 
E. dc K. Lemugwell, who la oondnetlng oxtChBlve explorations In that region. 
Etlmologleal material was also roeoived from tbs PLIMpplne Iplands, Africa^ 
and Central and South AmorSca- 

Most noteworthy among the uddUtons Jn prohlitorlc archeolog}' itrore the 
toUectlons rostiUlng from the work of Dr. J, Wali&r Fewkes, of the Bureau of 
American Ethnology, In the oxcuvatloiia and rettalrar conducted JLrpt at the 
Casa Graudo ruins In Arizona, under a special opproprlaUoa by Congreua to 
the SinithsenlaD lusUtutlom and, later, at the Spruce Tree HooPe In the ilwa 
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VenJe Kimionfll Part, O>l0i, uiuJcr aotliorlly from the rhstmrltiifiBt oC the rn- 
terlor. Tlia Domber of objectfl forwnrdcsd lo Wnabln|Et<’ti ffoto Ihe former 
locality waa IMS nni from the latter SOL In these tmportant oudcrtatines, 
Jiwttlled by the great historical Aad sdi^ntmc BienMLcaace of the rultit!^ ercly- 
tijlo^ ttiae formed an integnil jmrt of the stmctiires or conid he safely left aL 
the was allowed to rematfir only s«eb objeela being taken away ms would 
tend ta atlraet looting or would be Ukoly to fall Into the hands of nnwafraated 
ftollectors. 

The divifidou of hlstorle arcijeology was enricbeil by u lunnuscTlpt f>f ihi? 
Bfnhnbariltftt the iff eat epic of Todlii, ennlalAliig 90,^W couiiletw, wrUtea la 
S^mfiCflt idiamcteMs on jsalm leaver a gift from tlie learned Itajah Sir tiotirladro 
^Eohnn Tagore. Sevoml luteresthjg afldlttous were made lo the i-ery VftHntblo 
loau eoJleclton of Jewish coremonlal objects by the generous friend of the 
Uv^im, Haidjl Ltihrlam Bengulat, of New York. 

The coHoirtlnha of iihyslcal anthrotHdogy. which a re not restrlctoil to the 
human rrtceT btit nissj twteod to tptluT groii|iM of tlie higher ^ ertcbnitt^i, received 
Important addUloni^ from nwiuy widely fiopawitod ifegton.fi, !Ut;>at)oti sthould 
e^wciaJly he made of the generuufi action tiy the l^lelroiMhtaa MuAciuiu of Art* 
of New York City, In allowing tho Natlomil Mtisoiiiii to sliare, without expense^ 
In tho resnito of Its Egyptian cLxcavatlons, which cim iu charge of Prof. Alln'Ct 
3d, l^Ui^oe. The skeletal Tomalne of the ancleut Egyptians found Ln the toiuhs 
Tmoovcml by the explorelioiia* and hitherto not genemlly preserved^ are now 
helng imved and In grenler iiart tunibd over to tho Nutlonal Slusenia„ where 
their fftndy ahouhl result In Interest log eontrlhutions do the physelal ctEXmeter- 
tfittcft of those peoples. A targe number of rematns were received ilnring tho 
year, and^ on the Invitation of the Metropolitan Museump Doctor Hnj|li%af 
aaalidant cunitor In charge of tliese eollectlDiis, had the opportnnLly of visiting 
last whiter for the purpose of Instnicllug the excavators as to the host 
metiiods of preserving and packing the TenialDs for ahlpment and of maklne 
xtudtes an the s]saL 

The division of techoology received anmerons sccesBlona^ Including ninny 
objects transferred fnmi the Patent Ofhee, The subjects principally feprcHcnted 
were drearnis (uf which the Museum eollectlaD Is now the dnesi In the coiiii' 
try)p electrical devices, calculating machines, printing preeses, this enrly history 
of the acropTane, and wulch morements. 

Two gifts of except Eoual beauty and vnine from the Government of China 
were added to the cDlicctlonB In ceramics. One was a caladon vase of targe 
also and pacefnl shape, the other one of the famons peaebblow vases from the 
Imj^^lBl trea^ro house at Alukdeu. 

To Hich. of the divisions of graphic arts and musical Inatrunienta a few nddb 
tloas were made. Plans were he^gtm for broadening and enlarging the collec¬ 
tions of medicine so as lo meet the requirements of the recent extensive lavcs- 
tlgntEDna Into this eubject, and they will be carried ml as soon as addltlouol 
space becames in'!] liable. 

Anxing nmny sifte and losna to the dlTl^im of hMoty, mentloii aboald Iw 
made of a oatatier of valuable prewats to Hon. Guatavm Vasa Foa bv the 
Car ef AqMb daring hla minion to that conatry In 1806, aad bequeathed to 
the MTUeum by hla widow; alM IntDresitBR relics of the /conacrfto areUc exi»dt- 
tion of lSi»-lSSl, aad memorials of Gen. ludaoii KUiKtrklr, IT. S. Arj»y, 
and Cotaniander ilarrr tt. Hoalej, U, S. Xav;y. 

HeiHirtinoat of Jttoroffir.^TliB lar^ept amount of aoclogloai material ftwm any 
iiJnElo source waa derived from the Barcaq of Flaberlee. aad cs[)cctalty from 
the exptanitlonB of tie Bteamer AIAafro«a amoiiit ibe Ptiltipiilne ^Rlantla, In 
which Dr. FanI Bartseb. esaleUiDt curator of moHuabs. purticlmted for about 
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9 dctull^l tLS fl iti«abcr of tl30 sciGntlflc fltiiLff of thjit rc^Bsel. A 

part Ibe collectloitfi obtain^ cm tLiis t'xpedItloDt IDO.OOO sp^i- 

mens of iddIIuhIcb and otti&r of iniiiltie lovartebratesn, wiis tmnafi&JTod 

dJrectly lo tlio I^fuE»eniii for worldne^ tip. Doctor Bottvch ctmhlod 

to nmko same ImportaDt mlJcctlooB of birds and raptllOft The mme bdroflU 
UbeirlsQ tumiid oiur to tbo MuoGum otber Linportiint colloetlons of marlxio 
invortebtates nnd cblody from exploratioos in railoua parts oC tbe 

Pacific Ocean* 

Among Importnnt gtfto wore abool 1^200 Euro|>^!fln matowl^ ppsentod bj 
ATr. OldScId Tbomas, of the HoscatOp and Wr. Gwlt S. Mlllon Jr+; 

Dbout 700 DiaEDimila and 300 bJrdfl collected Sti Romeo by Dr. \V, I* Abbott; 
about 600 apeeJmenSp mainly of Invertebrate unlmuia obtuined In Lnbrudorp by 
air. Oweu BTjDDt; and a large collcctloQ o£ PeniTlan reptileSp mOlEnaks, -ctualji- 
ccansi iiud epongea from the Pcnivlnn Government. Tbe large mllecdon 
of btrdff soeured during tbe expedition of Idr. Robert RIdgway to Cktata Rica 
wna roeelvod Ln the summer of 1D08. Bealdea tbose mentioned above the priii' 
cl pal aeccsslooa of repttlo4 camo ftotp tbo rbtLIpplncs and Panama, aud of 
dshca from. Kow $ioutb Walcji and l-lntida. 

The dEvlaton of laseetH received over 3^000 spocltnena, Iticludln^ several 
aeceaaloas of apeeLal value. Mr» William Bebautf Added to blR prevloiia note¬ 
worthy donations nbont 16,000 epoclmens of Lepfdopteni from Cofila Rica and 
other tmpleal countries Sir. 11 I'lerecb* of tlie Rurean of Dnlotaology, and 
Mr. J. C. Crawford, of the N^uiloiial Mtisennit presented their prlmto coHeo- 
tlona of Dymeuopt^p auiotmtibir to over b^OOO apeclmfuis In all. Lord WaJ- 
slngtmiii nod llr. F. D. Codnma contributed incipy Coat ml Atuerlcon species 
ilK^rlhod lu the Rlolagta CenlraU AmerTcdiinr Tbe balance of the fieceaslofia 
conBlstfKl maluly of tranRfnrf* from the Dcimrtmetit of AprJeuiture, and repre- 
Rented mnuy parts of llie United Statew, 

The aiddltlObJ^ to the colleetlonM of mollu^ki^ and otber marine Invertebrateu 
wore aialbJy derived fre^tu the oxplcimtluu#i of the Rarenii of FEsberles, as cIbc- 
where descrlLNJth A notable E^ft from the ^ktologinal Mnscnai of Copenhagen^ 
DenDiarbi, conElsted of Rivera I hundred erfibP from the Gulf of Slam, Inelitdlng 
30 genera ai]d Ejid ai>eole« new to the Museum. 

The horhoriuni rereSved extensEve collicLlouBf coming moo^Uy fiotn Mexicor 
New iioyjdo, Oregon, und thn Philippines, 

DrpartPRCaf o/ (Jeotopj^.—Nine Borl^ of rock epocfinons, the resnite of Held 
work to as many parts of tbo Dnited i^tates^ wore trauefehred by tbe Geological 
Survey. In invertebrate paleontologj- ihe more potowortby additions were a 
large BQrlcB of Cambrian fosalla rrom the Rocky ^lountala regloDp resulting 
from the explorations af Socrotary Walcott ilurluff the simimer of 1008; & large 
collection of Paleoc^lc foselts from the AppElachian Yelley and central Ten- 
acssofi, made by tbe rnrator of the dlvlalon; and n coUectloa of TortlniT fossils 
from the Conllngn district, Callfomla, received from the Goologtcal Survey. A 
large amouDt of mBLerlal from tbe Fort Union of Sw^eet OrUBcs Coanty, 
MoTit.p represea ting many new and little known luammallati apecLes;, cODAtltuled 
the principal accesaion In vertebrate paleontology, 

AND ruSOlTAinON OV CO|JpjeCTIO!CB. 

The collectlona have been jualatalned In good condition notwltbitandJiLg the 
overcrowding La nil the dlvlslona. Much ot Uie routine work wai planned with 
the view of placing the coU^tlons in such shape as to permit of tbalr removaL 
to tbo new bnlMlng lu syateiaatic order, but the dday In the completion of 
the building hua made tbl? part of tlae [ask cN^N^claLly dltdcuih With ihenssur- 
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aiie« tht.1 Lbfr n^w Btructnie woo Id l>c dDlftb«d during Ihtt v?lntf?r dt vprlag €£ 
10O&, no HnpfTQprieitloD wns rcqucsiiH] or o^tnlne^ for contLnuLng tbe oeeniwDcy 
of tbo reoted buliiUngB, In wbleb^ tor niaujf lai^ qonnlLlkhe of inuKtmi 

titia otLor jiroiwrtj bivo bwi boused- As iheso imlldlngH Iwd to bo 
furreudorod ai tbe end of the year U lioeoiiio nooesAorj iranafor misarly nil of 
tblo oiAterlal ia bulk to Uit now bulldtng, wboro tt occuidwt a tunsie part of ode 
of tliD e^lilbltlan (loorA Under tuone favorable ctrcumfitant-efl It would have 
heed tinmched nud aasorted beforohsiiid. 

As good proijress wns Tnude Iti the FOrlin^ dius^lfyEnj;, labeling ndd cnta- 
loenttii: of tUo awewlous of tii? year ns wn« poa^Lble miilor the ndTerso condi¬ 
tions Htiil wHh the rctwtlv^y stnon staff of escpertif iiltacrhed to the Mtwiuit^ 
The ftsonUnnLToii of the collection* reaultlniE In loiporfjidt adeiiUdc coO' 
trlbutlons. In wbleb □ miaiber of atHicIa lists ccitDected with other establUhmeiitE 
IiHTi? port Icips ted. 

The exhibition collhCtlons ba^e been added to nnd channel! only Ln nilnor 
wHjSr ptincloallj [n cotiocctlon with tbe lean colleeLftm i>f art tcxHles^ l«^- 
Ti 0 log 5 % history^ And bistoric mrcheolony* 


Hiacau^NiHKia. 


Of duplEcnte inatorTnlH chiefly mtnral hlaLory^ 6epcnit<^ frtim the oollectloafl 
ill the course of ™:Qnt atndle?, over 0,000 specltdens a minted In elassided seta 
for Cflueatlnnil piirpoaeu were dlistrlhutod lo nwiny blab-^de schools and 
collesm tlironphout the country. About 10,000 dtipllcAteB were used In mtiklng 
excJjjinites with mu^nni^ onil other sclethtific efElabllBhmealA from which An 
equivalent In new iiuiterlul bus been or will he rccelied- To Bpecittltsta In 
dllteronl OeblB connected with other Inst!tntlone, both at bnme and nbroftd, 
about 10.000 s(jcjclniens wore sent for oxamlnatloDp alt of which, some 

of tbo duplicated will be retunicfl to the MuBemu. A laruc part of the work 
on these Ioelu collecttona le belug carried on directly in the inter&Kt of the Nn- 
ttonol Muaeuiu, 

The numUr of rlsitom lo the iPUbllc halls trns a little lesit than a quarter of 
a mintoiL, which i* about the annual aieraKc. TUIa la In smblnj; ci>nlraat with 
the records of lerjce nitofeuiuE In oiber places, where the bon re of opfsulni? are 
extoudod to 4-vonlu^A and ^undnya for the benedt of the working people. Wbtlo 
tbe additional cost laiohed In the nstra bouimof henlliiff and the enjploymotit 
of a few more wnlcbiiteB would be Inconsidcrubte, the tfioHns at ibe dl 5 |io*al of 
the museum Imie iwver been quite sofflcleni: to ncTOmpllsb this worthy purtioAi^ 
It Is hnjsftl that tbiJ nmiter may he fmtlafaelurlly adjusted In eomnectlon with 
tbe new building. 


The publlratlona iB?ued by the Museum consisted of the annual deport for the 
jeor £wlHl Janv im: voIuhkk M nod 3^ and part of voIuiut> 3ft of (Jio 
Procccdloei; 3 bulletins and parts of 2 nther bultHins. Tbtg- 
SI cepanle iNifMara nnil mrmolra, nil of wbk-li except the ndmluljtrntlvo reiwrt 
were dcserlptive nf Jluseuiu collections. In addlttnn, a number of [mpdre of the 
nmo cboraeiiir were printed In the Quarterly [s«ae of the Miscellaneous CSol- 
lectlons of Use ftmltbsoulnn Instttnttoa anil elsewhere. 

The addUloQs to iM library, which Is rcattieted to the subjects eoveral by 
the nctlrltlcs of tbe Museuni. consisted of 2,«Sft hooh*. 8,571 inmphlets, and 2^ 
parts of Tolumes. which [ueregscl the total contetitH of the library to ftO**!! 
volumes oud B0.010 unbound papera. The aoquiil approptlnt]o& of wnm 'for 
the purchase of boalm, periodlnla. and tumphlets required for the ctassSneailou 
^wlleciUw^ Is wholly Inadoduate to meet the heeds of thl* work, and should 
be at least doubled. For a larEc [fitt of Its IncieaBe the library la dependent 
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upon gifts ojid cxcimDgvs, but ev&a Uieae' mwm cotubbed with the porclmee 
fimil Ate not nearly FufficJent ta satisfy the Iraportnnt dopuiods in thiA dlreethra. 

In conJnnctJoD with the iDstitntion, the HJuBeiini le partloipatlD^ extensLrely 
Id the exhibit at the AZahka-XulEon-FaeLfle ExpealUon at Beattie, 

which opened on Jtice 1 aud wlU do« m October 1(L The general aubject 
which, Eti accerdanee with the law* the In^ltiitlon and Mum-oid were directed 
to lllnstmte Id that part of the natloiia] history of the United Stetee which re¬ 
lates to AlBakai, the PbUIppIne lalands, and that section of the conatry lying 
weat of the Jtockj ^fountains. Samoa end Qoiiai have nlso been Includeil The 
coileeUonB oB^oihlod for tills pur^iose. obtained partly orlgliial sonreea 
and in part Klectcd from the Jittisoiiia exhibits, consist of models, plctmesi, and 
aetosl objects, representing tbe peoples* conditions, etc^ from jirebtstorlc to 
modem tlmea. The exhibit tm Latemtlhg Htid InstmcUre and has been attrac- 
tlreiy Arranged. 

The Museum, In conSnactlon with the Burean of AmerlcAD Ethnology, also 
sent to the IntertiatInnitI Pboto^phJe Exhibition at Dreoden, Gertoaity, ft 
aeries of ealarged photogniphlc prints and tnminiaremrles covering a varlet/ of 
aubJectSi but designed to iliuBtrato the perfectlen to which the art of pbotc^- 
mpby has attnlncd in this country In the inartray&l orseicatldc Bubjeet»« 
Reqiectfiiily submitted. 

RicitAhh llATSBTra, 

Atsisfetn^ ficrrrforg in ehar^e 0/ B* NaU^nal Miuenttu 
Dr, CnASLEa D> Walcott* 

of iSmltAsonlan XaiHfol^n. 

^5743‘^—SM IDOO-1 
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REPORT ON TRK BUREAU OF AMERICAN KTttXOI.Onr, 

Bim: The opera Uona of ihci- Biiireau of AiuorJcari EtlioolOKy fof tljo SSjk-oI 
jTGflr endPti Juno l^r eottducl.e^! In necordfiDPo with the net of Oonj^rinw 
EDfiktn^ provlfilon for contitiUloE teasenreliea rciallng to tbo Americinl IniltnnA 
under dlnjctton of the Bmlthaonlati [ftMtUntlae^ were carried forward la coti- 
formity with tlie plan of opcTatloo/i opprOTed by the Secretory June IS^ ISOa 
Afl In previous years, the ^iFtenmtle ettmolog^c work et the Inimn was In- 
tnifitod mnliily to the repilar BCfehtlfic atnflT, whkh comprltiea elKht ineinher& 
Aa this force k hot large enough to ghe adequate uttetiUoa t« n^ore tbati a 
Itmlted portion of iho grant Held of reoeutch ulforflcfl by the buodreda of 
JndSflti tribes, the deaclency wna «upphed in a measure by etiR^bg the uld of 
other spcelnllsta In mrEons brnnehes of othncl&gic work. Ity ihta pkoana the 
btimti was able to oitend 164 reaearalM In several dJrcctJona pt a eamiuira- 

tlvety mPuJest outlay^ 

The work of the hureaa for the year comprised: (A> The contlnuatloo of 
vnrloiia enflatahoil reficarehes aroong the Indian tribea nnd (B) the aunmiar- 
Ulng for putdli'aUon of am liable data from all sourccA 

(A) The nndiiishjcd researciios were in contlnuatloci of systemuite lavogtlp.- 
UniiH aln-atly In band nnd were e^scutlul to a rmsouablo round IhEr out of the 
work nniiingr the tribes. These roiseurobea wore dMrlbutod on fotlowa: 

Roffiikr force: Alatltda Co^gc Slevenson, the Pueblo trlbee^ Jemiea Mooney, 
the tjrpflt plains tribes; J. N, B, Hewitt, the Iroqiiolun trlbee; J, R, SwEuitoa^ 
ibe Southern tribes; F. W. TTodge, Hecihit fcsearcbea for ll]e TTnndbook of the 
Indians i J. W, Fcwfees> archeology of SouUiwtalettj trtbes; W. H. Holmes^ 
teebnoh^KS' of tlip triljea; Cyrua Tbomaa^ blblioemphy of HnwnlL 
Coimbtimtors; Fmtii Boas and eight asslatniita^ Hie langtingos of the tribes; 
Ak-6 Hrdlliikii, Uie physEpnl autliropolagy of the tribes; Frances Deasmore* 
ceremony and songs of the QJibwa tribes; J, p. Dilna, IlngnEslIes of the .\lgoD- 
qulan tf-lhos of the Middle West; N. B. ErafirfiOTi, the nawnEIatui; FI. M, Ballon, 
the EawoihmH^ IL Enlton, the tribes of Texas; J, P, RougftTL, Nnithw^ 
OOAht tribes; Alice G. Fletcberp tbe Omabn tribe; Francis 1m FJescUc^ the 
Omnlia tribe; W, h\ Gerard+ ctytaology of Indian namea 

(B) The mnatnarlxlug of the tuaterlnln now available relating to the tribes 
vms Initiated by tbo preiuitatlnu of the Handbook of the Indians^ wbleh a^mos 
to cover tho whole ground In brief articles arranged in nlpbabctlcnl order. 
Its preparntion has led to a clearer nndentnndlng of the work done and to be 
done, and the rcaeuicbea now in hand contemplate tbe prapamtioti of a series 
Qf handbooks, each to be devotintd to a full presentation of a e^ngle branch of 
the snbject fta fullowa: 

lo) Handbook of the Tribes: Iltstory^ distribution, Bettlemeuis. population, 
etc,* of each stock, tribe, and minor group. Preliminary ussemblage of the 
data 18 embraced to the presout Handbook of American Indiana, of which Part 
1 l8 pohllshcd and Fart II almost ready. 

(b> Handbook of iJingnageA; Volume I now la press, Yolumn 11 to prepn- 
ration, as ^veml bundred langnnges arc to he considered, a number pf years 
wdtl be required to complete the worki 
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Handbook of Race Eiatory; Pb^«teal itnd montdl cbani.ct«rE| phfBloIoitSr# 
[miLLoIo£>\ luudJcLae, olc- n^flettrchcii in tuiprf, but i^ulrlng extoimlvo addi- 
tloim] invest Igatlou^ 

(d) Handbook of Social Syatema: Or^nfzfktEOD nod coEtoEna of MOletyp ths 
family^ cl(m+ irlbo, cotifods^nify. govern ment etc. A large body of tnaberJol Is 
already In band, bnt luucli additional researeli is necesaaty. 

(e) Handbook o| Hoilglona: IteiigLoiis ciiatoiua, rUes and ooTomonlca^ folk- 
lore, etc. Tbo liirgB bewiy of dntn In baud roqulrea mueb elDbomUon, witb 
additional resoarcb. 

if) Handbook of Twbnology* AriSp Indui^trlos, Implemanta, utCfialEa, manu¬ 
facturer. building, bunUiigt dsliliigi etc. 

(Ef) Handbook of tbe Estbotlc Arts: PaluticLg, uculptnire, orttumonta, muale, 
drumSi etc. 

Hnudboofa of Sign Lnngirngo, 
di Hancllxvpt of ^lctognlpb3^ 

(/J Handbook of Troali^ jitiil Liiud Coaslons. 

Handbook of and AmuesniuuLs. 

<h llandb^iok of BaHnl Cnstoma. 

(fflr) Handbook of Economloa; Food resaurtw culinary artfi, medicinal tfr 
Bourco^ etc* 

(rt> Handbook of Arcbiicolcigy. Tbe extonaivo rofioareboa of f»a6t ycara need 
to be aiipplemeutod by tnacli additional exploration. 

(d> Handbook of Csoograpblcal Xamea. 

(p) lloiidtKHDk of HnwaiL Heaenrcbea LnltlatMl by tbe prepsnLtion of a bib™ 
IJoprapby of fl.SOO tltl^ now nearly ready and a work on mytboLogy now In 
press. 

(OfV Hlbllojirnpblea. 

(rj BlcLionarlssL 
(a) Ommtniini. 

Cf) Portfolios of portrait^ ole. 

The bt>dy of do La in baud rclatl ag to tbo India us probably aurpnBOCs tbat 
heretofore obtalueil rolutlng to any prlmltKc people, but still mila *dsort of tbo 
rounding- out tbot abnnld ebamctcrlso the work of the American nation, deoling 
au It doca with a race and a oolture wbldi nre tapldly dlsappoarlng. 

During tbe s^r researches were carried oa in Arlxaua, New Mexico, Col- 
orailo, Texas, Oblabotua^ Loulatnim, South €RrQllnB,i ladtana^ and Oregoni and 
were lueidcbtslly extended to ihn ArgenElno Republic, CbUe, Bolivia^ Fern, 
Gallforntn, WashlTigton, and British ColutnhEa. 

The chief delated bis tliue while la tho odlce to the DdtnlnlsLratlva work of 
the bureau, giving the ui^ceeiflarj attcntlou to hli dntlea as curator of the Section 
of PrebEfitortc ArebfleoloRy and to the National Gallery of Art In the National 
Museum. During the year eoosldembie progre^ was made In the preparation 
of n work already well adranced* on tJie stone Implcwcnti of North America. 

Having been derignated by the Department of State to represent the Smiths 
wnlan InstltutJoQ at tbe First Fan-Ataerlcsn SclentlSe CougresB, held at San™ 
Hago, Chile (at which he repreamted also the Ck?or^ Washington University), 
on October S) the chief took passage on the Hamhurg-AnierlCBn steamer 
Amttiktt for Knglnnch sillbig thence by way of Vlgu, Spain* nud Lisbon, Portu¬ 
gal, to Buenoa Aires, After ftpendlug ten days In the Argentine capital with 
mcDiberE of tbe delegatlott, mnklng olHcSal visits Dad pursuing studies In va- 
rlons publle luatltutlonfl^ he traversed the pampenn country by rail to Altmdosa^ 
and thenee nti the Mendoza River to Las Cuevas at tbe base of the cnmhre 
or crest of the AndeSi Taking coach at this point ho crossed to the Chilean 


42 


ANlfUAI^ REPOMT fiaUTHSONUN IJSSTITUTIOKj 19®- 


flldt fiUd fiocra reached San tiago. The three wcel^s apept Id San tlago were taken 
up kr^eij with afTalni of the dolefnitlod. Including offlclol dotlM and attend- 
fiiice on meetln;!^ of the Coogresa, The aceUem of the cm turn I i^leunK, Include 
ing ntiEhropcJogy^ mot dally, aad on Boceinber 23 tho chief neted da chnlnnaD 
of the aecUon. Hla eeairlbntloii to the progrBinioe of the cougrt-fia. was a 
pftl^r on "^Thp rwopllDg of Amert™;^ nn nbatraet of which foliowfi: 

DlscuBeloQ of Iho liTOhletii of the origin of Tho AnietleaEi ntKirlcluoa IovoItxv 
con^clo^tlon of aeronil Imitortant qiieatloofl, aa followa- 

11) KvoUitSon of the huinnn Epeclens from lower forui^. 

(2) Qeograikhlenl loco I ion of tho otlelunl hom^ of the mcc. 

(it] DlaperPrtl to the lillTri'ent Innd nretia of the globe. 

(4^ Dlfferenllatloii of the anbrocea phyaleiilly nnd cnlturolly^ 

(6) Cbitmulogj of the nicJal hJatory. 

In the preiioiit atatc of enr hriewledge wo ctin not a^tinio to diapfjao (Inatly 
of theae MvetLil q^ieatfeoA It 1 b moat Jiutkortanl, however, tbnt the whote aub- 
Ject ^puld he iniEscd under review et fre^nemt Intervale, and the data na- 
aemhli'd, tlfteslfled. nod ctUlj^ny <yea mined. The writers views, formuloted 
after cfireful conBldorjitloinaf the vdrloua nhaawj of the subject nrosented, cen- 
ahlerliig more oaitocliillj the Korth Amerfcejiii evidence, are e^Freas^ in the 
following aummiii^' of protMihllltles; 

(1) 'Itrit Uie httnwB fnniHy Is mcnoKPiieilc: thnl; Is to aar, the nresoit suli- 
niMs Jiftve lipHi (ierlvctl by dllTcrttitljitloD from n common stock, 

TJint !hL‘ rr^'Twr—tlml Is u nay, uma lipfore Le rrtebed the buman 
atNtns—oocutiled n limited sreu. 

(3) Tbnt this urea was tmijicfll or subtrorjlail and was iltnated In the Old 
World mEtior than In Lhc Kew. 

(d) That multlpilcallQii of uomhera lest to wide dlalrlhutloc. nnd that iHoTa- 
tlqn oil dlstluct land Jima dually Itjd to ihe dllTcrentlatlnti of the subnicciL 

|h) That the tioPHrhtloTi Into dhttlact RToupg hegun ut an osirly period but 
act until lifter the typical bumun ehameters bud bcce doveloped- 

Efl) That Uu-r hnniun cbaractera were ucQulrefd lu Tertiary time, nncl that 
dissomliuillnii extended to dlgtanl conUnentiSp maliiiy lu Quatemarr time 

(7) That I he rlnneerB of the preaent American race beteuged to Ehp woll- 
differentIhIt'd Anlatlc anbraco and that they renebed Anterlca by way of Bering 
StrnlL 

(8) That the early mIgrntlonB Included few tudlvldunt^ and occurred nc 
widely aeporated perlcclai tlmt the mDvometBs were slow end hy meuna of the 
Ice bridge Ln winter or by shin botits in eutmner, 

(ti> That the culiuri! of the huaiTgrunts lu nil cssea was vety nrlmllivc not 
rising fibeve tlie bunset-u«?hcr stage. ' 

(H» That stfccM^vu nilgmtjcus Involve^l nnmeroua dlBtiact grantks or trihi^ 
ao thnt the Amertmu nice is a compcalle of dlveralded AalatEc eh^ments mom 
er lesa completely amnlEumated. 

(13) Hint ihe refujlt was n isew people and a new cniture, casehUally 

Amcrlcan. ^ 

(12) That tho Eskimo—fonnlmf n widely dtstTibntetl ethnic cfoiin oKMjfti loe 
the nnrtbero sbores of botb ftmtlncnts—ncqnired their phrsteal charncterlttlcs 
nnd pwnllnr enltiiTV undtir tbe In Unco cc of Arctic cooduions, iLUil tbnl Uist are 
the tlTOceinlnnt* of nmniltial irlbea early fomd to the north wnnl from son them 
Humslnn sourcea of populatioD. 

(15) Tluit (^aloiijii flceessicms of ijopalutlsn ttwy have wsulled from the 
nee (doc ml arrival of voyngef* from other Inode, tbougili not la numhors Idrnt! 
enough to afect the race t»ei*eeptlbly. ^ 

(14) That in the prosent iwrloU prior tn Ujo Cottuolilan discovery occnsiooal 
ToyoRers from soutJienj Aslntlc eiiliiin* wntera or from Japan or cSim i^ir 

***‘f’^ the caftiiro of^lddlB 

* '}*' IwopilnR of Amcrlcii with tlio present mro wbb (iftvimnTifth«v 

tiii]& ^ uf twrt-Glnelnl time rather than lu early QIaclB) or Tertiary 

(10) That tnoch of the reconled i(ooic¥lei) evidence of great humnn itntinnitii 
a? nxialrce critical revision. Sbilqaltj 
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Jn^ the boat GlemontB of CTcry eivIlizzitloD^—a nice of Eoperior cnpacltj and 
florae, deaUned to Its ttxW fniliti:^ to isuriuLBs aJi otbcra In tJie grandeur of Ita 
nchlGvcinuabf: and tlmt the aeth itJca of the present Aod of fiiiore Pftu-An*eii.- 
eau leluutEfle cDnirreases will coiitrihule a worthy alwnj in the aetiuio|illatiiiieot 
of this grand result 

At tho cIoBlDg sef^lon of the conjrrcBfi tlio chief wnft made a monil>er of a com¬ 
mittee of hre to arrange for the neit meeting coogresav to be Le]J In 

Waahlngtoa. C-^ La Oetoher, i312L 

Willie la ^ntiago luucli attention was given to the national tnusemu, which 
coatalns a gireat deal of material IlIuBtratlDg the ethaolagy and nrelioglDgy of 
Chile, fLiid n uumber of private colleetlonB^ rich chledy la Peruvian aaltcittiltLe^ 
were vIslLuHi 

The hemewarii trip from Santiago LaeludBd exeurslouB to EoUvIe, where the 
small nntioual museimi was vlfihetl aud where stnclloa were made of the ruined 
cUy of TEaboanaco; to Pem, where a brief period was devoted to u study of 
the rloU colleetlone of the national itiutwuni: and to Panama for a short stay. 
WiishEugtoti miS renebed on February 11, and Deports were then pfetaired for 
the iHitltutfone which the chief represented as delegate aud for pubncatlon Ln 
scientific Jonmalfl. 

The senMces of the chief were enlintod durian the early monthit of the year 
tn the preparation of the lastltatloa'a exhibit to lllnfitmtc tho history of thr 
Pnetfle Coast States ami the PnelUc Islands at the Alflaha-Ynkoad'aclfk: ExpesE- 
tloa at Seattlcn Hefore leaving for Bouth America In October he deslgooil a 
iitiinher of lay-flguro family grou|^ w^hlch wore etiibomted by the ifciilptor 
during the winter moidhs; ntwl on hia return from tbe Bouth he nttcuded to the 
completion of these gDoujicB and to the conatrtiettDu of n model of the Santa Bar¬ 
bara ndsston cstahltsbmeiitt CalEfombli for the exposlllon. Qn ilay 4 ho pro¬ 
ceeded to Bnnttic to BRsIsE la Betting np tho cithlblta^ flopping cu route to Bclcct 
II site ou the Houthora rim of tbe Grand Canyon of the Colorado suitable for the 
erccUoa of tho luoniitnent to the late Maj. Powell mjcnlly provided for by 
the Gongresa: at Angeles, to examine Iho eollections in the SoiuliWL^tenj 
Mnwiiim; at ^iita Harbani, to Btudy the phin of the mlBalont md nt Sfia 
PranclHcc^ Eu visit the mriBcuni uf the University of California. While in 
ReutUe visits were made to Tacoma, Wnah,t and to Victoria, BrltEsh Columbia, 
for the pnrtMXBc of examining calleetlana of ethuologLecii and archeological 
umlerinl prt*ftori-ed In these placeis^ The chief returaeil to Waalkhuston on 
June IK 

t^uHng the year the chief pmde studies of a more or h'sw t^inlKinde nature la 
tbe foHowlug mnsenmai 

Blackatorc Ktiiseum, Ballabnryp Eugland. 

UtdTorsIty of La Plata ^foBoum, Argeiitioe Kepuhlle. 

Faciilly of Philosophy and l^ltew Idtmciiaj, Buenua Aires, Argentine 
Repnbllc. 

Nat Iona] ^Laseuntr Hueno& Aires. 

^'atloiml BtimeutnH Bamiago, Chile 
NntlonttI .^luscum, Ijl l*nx, Bolivia. 

Natloniil Mnsenm, Limn, Pcm. 

Ooil/omia CoJvarsity YToseuai, San Fimnclsca. 
liouthwestera MnseuniK Angeles. 

Ferry Mnsetim (Toiler coTlecMou), Tacoman Wash* 

University of Washington Afnscum, Beattie, Waah, 

Proiiaolnl Mnscunx, Ylctorls, British Oolumbla. 

Field Mnseum of Natural Hlstoryp Chicago. 

Academy of Sclencai Mufieumt Philadelphia. 
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Esktly In tiift yeftf Oie buraiu wnfl urgent thQ offlOflim of tlio Misnlealppt 
Viilley niBtorlcftl Aefocbitlon to contrlbate iJaLi relntLng to the bLstorj of tbe 
luilLon trlljes of the regfcciu for the of ihe nsiiot^Lntiott ooEiveei?^ lu 

St* LouIb Judo 15S, 100!>h The etlcf cruitTStmtoa a iitipor entltlf^ ftomarkH on 
the flborlfiloal tlstorj of the l^Ilsslsslppl sjmH Mr. JiuncB ^rooaoy and 

i>r, John R. S wen too wro a««lpintcd to nttend the uiijetlDg and present 
dpallog wilt kindred snbjectA, 

Mrtt. AI. C. SieTensotJ, nlJinologU^ rcinelnoJ Jn ttin fteUt In Xew Mexico, 
Eturloif tte entire y^enr. llnvlnj? ostntilinheil IicfldquartctTi at Espaffloln, bIio 
deroied ter time InnreJy to in^eiiilj^tloiis among tlie looni Pm‘blo irtboB, Jnter- 
roptlng ite work for ebort tnjrlo*!^ to r-aeord raluable dntn cotnlrmnlentcil by 
ttftHinK members of the 55dfll irEhe* Her roBennebos Included delntied eludles 
of tbs MetoiTp social organtxailoti and euetomi* lellglon and roSlKtottif ijrne- 
ticesj and arts nnd ladtistrles of the Santa C'fcara and Ban Ildefonso Irtliebi; nod 
progress was mnde in tbo eotaiiaratlve iLudy of thcfle varied mibiecta nmong the 
euinerons pucbloa. 

Aside from the mare itjsteniaCle etbnologlCLLl i^^rkp 3^1 rs. BtevonBon gave much 
attention to ber undofshed Euipcra ou *^The prepnmtlon of cottonp ynceap and 
wool for the loom by the Now Max lean trlbraand on tbe “ Medlclpal nud f<>Od 
plaula used by the Kulll Inillaiis.^' 

Mr. F. \V. Hodge, ethnologist^ was eiigngod cbIcily Jn continuing the editorial 
work on Part 2 of the llandboab of Amcrjcnn Indian Sp carrying nloug tbe proof 
reading townrd the doric of the aipbnbet and writing and InHcrthig iiinuy ar¬ 
ticles on lefiscr subject# that It bnd been found easontlal to lncrlm]& In this 
work be bnd the assistance esrednlly of Mr. I. N. B. ITo^vLtt, wlio prepared 
articles pertaining eblnfly to tbe tttHiuols tribes; of Mr, William It. Genint, of 
New York+ who revised and rewrote nutucrous nrlletea tnyolrliii; the Glytntilngy 
of Indlnn termn: and of Dr. Herbert FL Bolton^ of tbe Hnlverslty of Tcxubv 
who n^rpiitlauod to supply^ to the ond of the alphabet, articles relating to tbe 
tribes of ‘resns, Tbe work of eomplotltig the swobd tiarl of the Handbook 
of American Indians did not pi-nceod as rapidly sh wwa honied nt ibf? bf^siiiniug 
of tbe year, owing to tbe fact tlmt the bijrdeci of the admliilstrdtiye work of 
tbe bnrvfUl devolved upon Mr. Hodge wUctt ibo chief was cniled to South 
America and Inter to ibo Beattie EKpositfnn, as brevlouf?3y mcntlonecL In Ihe 
bnudbook work Mr, Hodge bad ibe derh-al n^li^tnncn nf Mrs. Fences NEcbolsi 
It Is now oiitected tbat Part S will be ready for dEstrlbnilon In the nenr 
fntnre. Mr. Hodge repreaeated the bureau ou tbo Bmltbaoulaii advisory cooa- 
mitteo on iirintlng and publication^ and serve^i a iso m a niooiber of thi- siib- 
commlttce on bibllogrniphical citations. In nddUlon he prelintoil aaswors to 
many Inquiries from coiresitondcnts, oftotitlme# toqniring conaldercble rescareb. 
Dr. Cyruii TliumaA etbnologJst, devoted tl# lime during the year to work 
on tbe catalogue of boots and paper# relating to tbe Ha wot Ian [sliinds. This 
catalogue. In tbe prernmtlon of which Prof. H. 3iS. BnZIou, of Btiaton, Mass.. 
iB Joint author, bos grown to ab extent not anticipated nt tbe outset. During 
the last and next preceding flKnl years Professor Baltou eininttt&d, for tbla 
purpoae, tbo libraries of Boston and other ettlefl of New l-tugliiTid, and alsn 
of Neiv York* Ho also vlaltii^d Hawaii, wboro ho made a careful exomlnatloD 
of the public and priFote libraries of Honolulu, obtaining thereby cobsldenihlo 
early mission and ofUicial material of a hlhllograpblcal nature not fenmd else- 
whorc. Daring the oame i^crlchi Doctor Thomas vlalted Boston and Woreeaier 
twice, Harchlng the UbrarlM cblcby along special lines to which ProfelHlor 
Ballon had not given exhaustive attention; ho also devoted consldcniblo time 
to on examlnaUcn of the librorle# of Wnsblngiou* In [iddltlon to these 
researches considmble hibltograpbkBl materhi] baa been obtalnod by eorro- 
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&. mult of this work thf* nuicber of Utlos In tbo cntElo^e 
(wtilek now nbout sowo CvSOQ—nioro titan Qlghl tUucs tlie 

numlicr in the Iet^I catElogtie Si) the siitiie OgM iiltiierto iiehliEhcd. non. 
Georjje II. Curler, fornier tovemot of tho TGirSiorj of Hu wall, Jiiis ^Sioti much 
e^K'Dumi^iiiGDt to tbla work; In fnet, with Frofcp^r iBulEon, be fomied the 
leadlnff stilrlt in Its iDceidlon, tiioogh the beglnnliie of the work for the bureau 
wus iind£>rtiiki^ quite Indepeiiilentijr. IHvtor Thonjas bus aojxnided n subject 
or crcisa-refureiice uituloj^n of about ^200 tllles. wbleh Is ao uenrtj eom^^lcte 
Ibitt It l« hotiGil I hi! ontSro work will Im Hubosittod for piiblEcatlou boforo the 
%‘Ud of AoKul^r. 1900+ Ifi Bddllion to this w^ork Ihsctor Tboiuua asststod to eomo 
in the j»ri?|nirntSoti of Port S of tbo Biiudboitk of Anjerkoo IndiBoiit and 
fltiendLi] to iruch oUlcljil correflt*otiilonco om wsa niforred to him, 

Hr. Jiiint:^ Hejonej, elhnoloKSai^ diirStiiR the €^ntlre yesir w’^ih occupied chlclljr’ 
In nn luTeatlj^Eitlon of the Enbjoct of thv. indloTi pobDlutfun nortb of Mexico nt 
the period of first dIeturbRnce nnd occnpancy of the country by the wbltesu 
A Iireilmlunry Etudy condeuEed for tUlrodncMon Into Part 3 of the Hand'- 
book of the Inditms, Tbe dunl w^ork is existed to appeiir ae u bulletin of 
the bureau. The iDventlgntJon Is beSnq carried out In detail for eaeb welh 
defined geo^mphte sectSonp nnd for oneb tribe or trlbnl Stroup BeparntoJy, from 
the enHki^l t^rSuit tu the prefietit, with ctref^L slftLog of Ruthorltit^ uud con- 
slderatlon of liullnn habits of Jivlnij, No such dGtalled and extended study 
of the Subject bus ercr before been uttcnipted, ahd the neeulE murtt prove of 
Interest nud lui[iortnnee. The usnni sbaro of utLeutlon wns j^ven also through' 
Out Ihe yenr to the pretmnitlon nnd proof reudiug of rarSona articles for the 
Haudbook of tbt; tndlaiiH and to routine eorrespoudnuee. On rai]|uest of the 
]^IIs3lB3lppl Vulky llistorknl AssoclitLlotii .Mr, ^[oimeyf together with Doctor 
Swnntou^ utioniJed tbe meeting of that body nt ^L. fj>uls, Jnue It-lfi, an repr^ 
senlntlres of the bureau, aud presented papers on tbe ethnology of the central 
rcfiion. 

During tbc year Dr. John It Swan ton, ethuologtst, vi^as cngpgefl as follows; 
The tuolilhn of October,. November^ and Dccemberp 1908. wftro spent In OkliL* 
hnms, Texnj^ and l/nilsIaDa. In Oklahoma tbe Katchez lingulsEic material 
collected by Gallatin, Pike, Brlnten. and GalHcliCt Was rocic over with one of 
the four surviving sinkers of the Natchez hiiuftmge, nnd ubont fifty [lages of 
text were recorded. In Texas the Allbumu India ns were visited In an en¬ 
deavor, partially finceeasfuL to determine the relntlDnalilp nf the PnflCn&oula 
tribe, formerly reaEdent near them. In DouSBlana tlio linguistic material col¬ 
lected by Gatfichet and Dumlde wos Eone over with some of the aurvivtng 
Attflcfltafl, Ohltltnacba, and Tunica. On the way to Waabingtoa Doctor Swan- 
ton vlsuited OohimbEa, ^ C., to examine the early archives of thiit State. The 
mL»Mt LmportJint reanlt at the ex|iedltlen, however, was tbe discovery at Marker 
vIJle, l4i., of a wctttaa who r&iuouibetu a large amount of the Ofo languaRa 
formerly on Yb 4M River- AA large a vocahnlnrj of ihla langunge na 

pd^ble WHS recorded. 

In the office Ekictor Swdnton completed the precif reading of hla work ** TUn- 
kH myths and teita/^ which was ready for the press at the close of tbe year* 
He completed also a bulletin on Tbe Indian tribes of tbe luw'or Mississippi 
Valley and northern cMat of the Gulf of Mexico^” and read proofs uf the same. 
Additional work was accomphhhed rs follows ; The editing of the late J. O. 
Dorsey's material on the Bllosl langtlage (In press), and tbe proof reading of 
the oanie; tho copylug of texts collected dnring the field expcdltlnn above 
referred to, aud LncorpomtJng the linguistic material then obtnlucd with the 
material pfevlouaiy cullceted in the Natehex^ AttneapA, C[bitliiincha+ and Tunica 
lacguaGCB, and Hie copying on carda of the Ofo vocabnlary; the reading of 
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gnilej? proof? of ?ketclj€« of iho fframmar of ITnIda rtn4 tijo Tllagtt for 
the IltLiicU^cnlt of Indian Ijia^inj;^: afi«jHEutire rcrwlcrod iJcHdoi- Thomas in 
preparing for pubHcnllon bis bulletin on the lunjpjngc* of Mexico nod €ont4!ttl 
Anjerloa, ami work ineid^^nlQl to tbe proji>anUloii for publlcitUiip of Byliigton's 
Choctiiw Dictionary Un (irees)- 

Mr. J. N, B. Hewitt, otlinolo^leT, was Dccor^lcd In Uie otncMv dnring rbp enUre 
year* For ii targe )»ortlon of the iime ho wna engnscd In nioendlng and 
trariHCTlblti-g the Onandn^ text wbleb, with n. JonR: su|ip!eiiieiil^ in to form 
Part U of hiB Irciqiiolnn Coaiijotoi^, nnd In aupptyltig an iDterlloent rendering 
and ci free tninslatloD of the text. From Lin irsenrcJics In corm«Nlon with tlir 
pretinratEoi] of artlclcfs for itie Mandhook of the Amor Jean IniflanB he arrIteiJ 
at /nets which greatly miMjliy hlthertn accepted vlw? rr-iTanllEig the locntlnh 
mud InteiTGlalloiis of the tribe? nmund inhw Huron mid MlehlgniL tn thtr 
Miuicctlf.n he pnnnred oxtetided ntudleft of the early hlatory of the PtitiiwntoniL 
MnsooEitcns, KlckB|>oo. Sunk, Foxea^ Mhimt. iiiid tiie**Nntlnu de in Fciarche." 
or ‘‘TTIhe of the Fork/" In an effort to Identify thi-^ae tritHSi with ttniEH! known 
10 the early linroiis by namufl which occur m tlio writings of Chaiuplaln. 
Sngaril* ami the Fathcm The cspiilaloii of the PoLawainml, Sank. 

Kosc^ dtkil the Tribe of tbe Fork from tbeSr earliest Htti^wn babItJiE In Michigan 
by the Nentrats and their Oltawu nlllE-n—nut by the IroqtiQls, an commonly 
flHserted—was dotermlncd, and the mowt iprotHihlc conrso of their reErent fixed. 
Similar research was eomdiicteil nmong enrly recordfi Eu doterndue its far as 
possible the Identity of the trllHns whoso haniBu are recorded ou the Dnioli 
"Cnrte Flgumtlvo*" of aoid, which rt^resonts liiom as llvlftu aloog the luhMle 
atid npiHir Susquehanno fllTot ami its western nmaenitfc Afi those nnines wore 
erroiieo^miy Idcattflcd as SimEdidi in origin, mid ns mieli ndoptod wlthmit qtic?. 
tloTL, much confusion and many IiiaecnracJea iiJirc tirhsen in recent h tutor lea I 
works. 


Mr. Hewlit E^ontlnncd tbc collection and elubomtiou of linguistic dntn for the 
Bketch of iToquel? araoinmr m excmpllflQd In the Onondaga mid the Sdobnwkp 
WiUi |inn«ll*!l illtwtnitlve cxniujiles from tl,e Scuecn. C;a;i]^. nDd T|}«CDniF]i 
He fllBo imrttuMj n-wrote tbe arttdes '• S«i™ " nnd '* Sank " for the njinU- 
tnKik nr AuttMTlenn IniUnna. nnil endoatoml. w far ns wn, fouHllilo, to Ineoriuntte 
la (be remaJnIni; snlloy |.n>Dfa of thb work the resalis of bts Filter resiarrlM# 
air. HewJlt wae n]™> cailea on to i.reinire ilnla of ao «u„oio|tte Boture for 
official corregpondencp. 

fl M «thnolotrl«. in the 

ojEtBtntleu and fcliatr of the cliar ruJn Icnown 

Z il. Ct^lonido. Before 

the eloee of July ho relnmed te WnnhleRtoi, imd enmnieuwU the ptemrellon of 

e repon w thla work, and .indertook to comiilrte the re|x.na of iinflalabed 
rt^rehra i.f proyEnna yeur*. During hla stay )u WAhhlutston his nerTloea were 
o’* “ humber of hirse moilela of the ruins for the Alaska- 

Ynkoo raelde Rxposttion nt Seattle and In fluiJerrisin^ the [mluting of nano- 

nnile rlewa of the ClIH Palace it, Verde National Park foe ,he salt 

porpoeo^ ^ 

and by the close of the ywtr bod made esculent nt«Rrfi8» In nn™^n» ^ 
«eafnrelng the er..t,d,llne wall* of CiltT Pal««^ 

mins of Its kind la the arid countty. ^ ^ *" ancleet 

The ftmdB for the actual work of excavation and reiwlr of those nOTT. . 
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Bluet la roCCTt ^ftars tlie pm^resa of deitracLUe agencies, ospcelAlt^ the atrtlvl- 
tSm of relic haotors^ ham tieen very maid. 

ir^ciAii pz;Bi;iv;'nu. 

As ia foTctef 3feflr®* a aiitobcr of collabomtorB were oDgqged in ceadaetldg 
restflicac^ af a m^JCcLii l mi taro La mrloan tvldm. Dr- Fmm Bene, tiononiry 
pblk»lnigfst Of the bureau. eoaliuDea him lahore cm tlie llanclliook of LaogimEes^ 
OBaletM bj a amnlKr of stuileufJi. Proodaeat amoag these la Dr. Lm J, 
EYaelsteaberp, who at the eJono of the year was eiaj^iippd la atadylug the toa- 
guAi^p of the Sllota tribe ou Ua reoerratlDD La Orcfjoa. Volanac I of the Hand- 
Iwjofc of Ijiuguugea la ijow In preWi, and the work of CkKtor iSofta for the year 
ladaded i he proof mi ding of tbla v olume ns well aa the preimnitloii of the 
tewt of Voluuio tl. 

Miss Fmaeisfl Detidciiore coatlaaei] her fewnrehca relalto^^ to the muslo of 
ibe ChJptiewaH sad a vnivf ileallag with this srahject wag etibailttiHl for pub- 
McAtlon a» BulleEla 45, A Duaiher of valuable pbouoetnpble iwortbs wen? 
obtalaed. 

Mr. 3, Dana, wbo wna neAleUed the lingolelie work auiong the wegiera 
AlgouquJna iTlbm left aalLiibibud l»y Uie Into Ikpctor Ifalecbet, eoiuJuued tha 
fltudj of the MLuml laiLi^uiige among tribal reojiiiitits la Indiana uui| Dklaljonuip 
and euibujltted a aumber of preliminary l*Al>erflL 

f^QHJjrneNB. 

The eollectJons aequlred by the burean nnd transferred to the Nailoanl Mu- 
j*enm durlug: ibe year eomt^rlHo flfceen aceesBlona, the niion? laiportaut belmg^ aa 
follows; 

rolleetJon of West luillati actianttiea, purebafied fraiu d \\\ Umaeb, St 
Vincent Brit lab Wmt Indies. 

Indian rellee from Mooaobend Lake* Maine, preseated by Mr. J. D. ilcGnlre, 

Cache of f\mUtni atone rjtijeefa froiu .MouBebead fdalne* pnrcliau^ from 

T. Wilson. 

Collection of bones, pottery frm^meatE; etc.* obtnltied by Mr, J. D. MirGuIre 
aad Dr. AleS flfdlb^a nt PlseatawayK Md. 

Ancheologk-al objeeta collected by Dr* Jh W. ^Ci^^k^ cthnolof^Iaip tluHng 
the oxrtituition and repiilr of Rpruce-trec lloiiae la the Yento Notional 

Pnrkp Colorado. 

Pottery fragments from Coden, Ala* 

Stone Jmplenicuta from Tlabuaaaeo^ Bollvln, nnd on ennbenware v<^sol 
from Kassep, Pern, collc-eted by 3!r. W. H. Holmes. 

Fragments of eartbenware of the variety Imown as "'salt ves&eJs," from 
the vicinity of i^bawiieetown, IIL. presented by Mr. It. Moon?, of E(iilnllty, III. 

Etbnolo^lcn of tin? Cliltlmachn IndLana, cvtleeted by Dr. John B. Swanton. 

ri?ii£.ie4TiO!VH. 

The edUoHal work remnEned In chnr^ of Mr. J. C. Gurley, who for a Short 
period bad the asslstnnf^e of Mr. StAbley Senrlee, 

Work on the publlcstloas of Ibe blimn during the flacal yeair mfiy he briefly 
Enmmnrl;^ ns follows; The proof Tending of tile TweTity-sIsIb Aunnal Rer»ft 
and of Buhetin M was completed, and these pnbllaitlmiii were Issued. The 
Twenty-aeveiith APhtial Report nnd Bulletins SW, 41, 42. 43 ^ 4fl, and 4 T were 
prepared for nad aobmlttcd to the GoiiurntueaL Printing Office. Of Ibe^w at 
the ctoHC of the year Bulletin 42 was Issued, white BulletLnR 31> mad 41, slso 
Bdlletin 3S (the proof reading of wbicb occupied much time during the year), 
were anbstantlally ready fcr the hlndety- The Twcnty-serentii Annual and Bnb 
letin 43 were la galley form, and cObBlderablt^ progress had been cunde In the 


48 


ANKUAL SJiPOliT BMITIISONLAK EKBTmJTTOJf, liW. 


coiupofiltton of Boil^tlna 4& and 47. Tli& prcptfiratloD of nearly nil Uie mann- 
acrljit of Bulletin 4% Part K waa HuIjsIiihI, and luoat of tbn volume wna In type. 

At Uie cJoaa <i£ ttic y&ar manuBcrlpts duly approved for publlcntion ai! bu- 
tefiU bullet tnH ti'Ote on liaiad, jis fpHowa: 

BnlloLln 37 {purtlally edited}^ Antlqnltioft of central and aoutboastnm 
BOurJ, by Oerard Fowke 

BuUcUti 44 (partially edited). Ungtilatlc families of Uexlou and Ceatrnl 
AnterlCfli by Cyttis Tbuiiiaa, by Jubu K. ^wnutott. 

Bui let bk 45. CUliijJewtt mnalc, by FnnicHi Beniimcire. 

Tlie dlntrlbiitlon of publlcatiouFi conUnucd hb In former yeara. The TwenlT^ 
Flitb Alitmal Ue{kirt wan In July, and Bulletin 34 Jn rjeoEmber. During 

iLe year 1.CTG coplets eacb of tbe Twenty-sixtb Annual Be3,x]irt mid Bnllotln 
were seui to regular recIpLeutiii^ and 3.000 vGtumi}« and paiupbletB worn tmtta- 
tdlttod Ln respoTiHe to speclnl re^nealR, preBCUited largely by Member^ of Cod- 
gresK, Tlic niimlier of rptiaeatsi for tlie biireuu'a publlcatlQbfl greatly exceeded 
tboBC receSred during noy prevloiia year. 

ILt-DHTLITlOxa 

Tbe jircparatlon of lIluatratlouB conLlnui}d la chnrge of Mr, De Lnneey Glib 
wltb Air. ITonr)' Waltber ob asslatant. llluetratlve taatarlnl for atr bulletlna 
and one annual report was completed durtug Lbe yciif; of thlB miiterlnl 41^ 
ItIuBtralloaa were pliotographlc prlnlB iind 77 wore drawings. Proofs of tbe 
lllastralloas of tliree bnlloclna were examined and approvecl. portraJt; ticgii- 
tlvea of 22 vlHldng Indian delegation b to tlic number of were made. Tbe 
total output of the pbotograpMe laboratory was as fellowta: New Dcgatlvea, 473; 
tUma exposed In tbc fletd and developed In tbc pbotogratiblc prlnta, 

34fle 

LIUTTIWT. 

Tbe library continued In cltarBe of AIJbs Ella Lcary+ llbratlati, Dtirtbg tbo 
year i ,450 volumes and about 700 pnnipbletB were rc!celvcd and catalogued, and 
Bbout 2,000 Berlala, chiefly Uic publleatlnnH of Iwimed aoelctles. were received 
and recorded. As Lbe taw now peruiltB Oie blnditig of miacellancouA publica¬ 
tions belonging to the library at tbc cipease of tbe allotment for geueral print¬ 
ing and binding. It wga feinid possible la bind a much larger number e£ vol¬ 
umes tlinn Lu prevlauB yenr^ and ibna to site many valuable works that were 
ttomtfjued with destrucUen, iHiring the year 3104 volumefl were sent to tbe 
blndoTTr and of these oil hut nlKiut 500 liad been received before ibe dose ol 
tbe flittal year. In addition ta the ubu of Ita own IShrary, wLleJi ia becoming 
mote onil naore valuable tbrnugh exchani,^ and by Hnitted purchase, it was 
found neeeasitry to draw on Uie library of CoDgresa for tbe loan of 513 vol¬ 
umes. Tbe library of tbe bureau now contains i 5 ^ii %-DlumeB, about 11,000 
pampbleiB, and Bevetnl thousand nnbound porlodleala 


Liaouifftiqr UANUBCSlFVH. 

Air. J. B. Ctayton terio«1 as enstodlan of manuBcrlpta. The bureuu now pofr 
eessos 1,G78 manuscript a tnCHtly linguistic. ID having been ndded d tirbig Uie 
year, miLEnly by purchase. All of these ane of great value, and the number In¬ 
cludes four by Miss Francos Denataore on Chippewa tuusiv, four by ilr, J- P, 
Duiib on AEEaml and Peoria llngnistlw, one each by Alice C. Fletcber oa 

OnMta Mr. D, BuMmcll <» the CHoctew Icdiao, of Loui^tnim. 

mi ^rf. BadJn on ihe WlmtbAso iJUUana Tlie card catalOBne of manu^ 
Bcripta Is coiDpIctQ to dnte. * ^ 

SMitcctfulIjr iuLtaUted. 


Dr. CiiAitt.CB n, Walcwt. 

8emt9ni 0/ tAe ^jnitAronfoH ImitUuHtm. 


W. H, U0LUE9, Chief. 
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REPOUtT OS THE INTERNATIONAL EXGTLiNOEa 


SiK^ I Imire btraor to sciltmll a report od the apcnulrmA of tlie Intenm- 
tlooaS Excbau^ Service (Inrlne tiie HbcaI enilLii;;; June 30, 1000. 

The most ootewnrUif eirot Lu counectloti with the Bervtce tStirln^ tho jcfl.r 
was the passage of UlC following resolMlIOti: 

JZwfvrd fhr and Uouta af R^prctentaUv^A of the I7jtfrrd EiattM 

of .inn?W<!u Ifi Tlmt for the [vuri^ose of more fuUy carryloa 

iDto effect the [irovLslaiLB of the OGiuventlou eoDclijae^ at Brussels on ^turcb 
Ofteenihp elirhteeu huudml and elj;bty and pftpdnlmeil by the Pfi? 3 iidcnt on 
January ilfteenth, eighteen hundred and el^ty-ulQt% Che ruhUe Printer Esherchy 
authorl^ uud dtrecied to suiiply to the Llbmr;>' of Hueh uunih^i- as 

tiway he requIreiL not extreedlng imo hyudr^d l^opl€a, of the dally i^uv of the 
Cougreevtonni Itccord for dli^trlbutEotip ih rough the ^uiElhsoiLlAn Intftltutlon, to 
the leg’lEdutlvu idmihbers of sneh forelj^u gowranionts as may agree to ^nd to 
Che United flutes current eaples of their lAlrilnuientary record Or like puh] I ca¬ 
tion* such flocuuiQutfl, whHi received, to bu ilciPOsUed in Uie Library ol Can- 
$r^ (Approved Jlarch 4, 1003,) 

Though the SnilthBo^iInn lustltuLion has cudea^tired on prevJoiia DcensiohK to 
the GongPcsa aet aftlde a numMr of coplisii of the dnilj C7ongresslonul llecord 
lor exchnnge with foreijm govcnmieutB, It has only now hem possible to have 
the mntter favomhlj Acted upon—twenty 3 ^rs having elupsod since the mtl- 
hcatlon by this Go^^cramciit of the BruBsels convention for the hiimedlate cr- 
chatiEc of the ofhelnl Jnumnli 

Upon the passage of the above rrsoiatlon, the Congresalaust H 0 x>rd wna nt 
O0CC sent to the following ccoutrlea, the pflrllniiKjqjt& of which almidy tnuiamlt 
their ohlcial Journal to the LlEtntry of Congress or have Agreed to do so; 


Australia. 

Austria. 

Belgium, 

BraslL 

Catiifidn- 

Cuhs. 

FranceL 


Greece. 

Guatemalii. 

Honduras. 

Htmgary. 

Italy, 

New^ South WaIos^ 
PruBsla. 


PorhigAh 

Roumoals. 
Rusal a, 
Scrvhu 

SwltscrlaDd. 

Uruguay. 


The subject has been brought to tho aUentlOD of other countries, and It la 
antIcSpoted that during the coming year this proposMl oxchauge, which Is of m 
much Importance to the mewberB of the various national legislatures, will be 
entered Into with o numher of ndditioual govermnonts- It should be stated^ in 
this conucctiDQp that the exchAliEB here alluded to la sofierate and distinct from 
the exchange of oOlchil documents whleh bus existed Ix-^wcen the Unlred ^Eaten 
n^d other conntrles for a number of It Is Intertiarllumentajyv and pro- 

vidcfl for the Jiomedlate traDBznlsaloEi^ direct by umll, of the omclal Jourual as 
soon as puhllsbed. 

That the SmithsonEan system of cxchangL^ Is Appreciated by govcmmeatal 
nnd scleotldc e^ttibllshments and men of Icarnlug throughout the world Is Indi¬ 
ra ted by the Jarge uunibur of packages lutrusted to its care for dlstrlbuUou. 
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ANNUAL ItEfORf SSnTTJSOyTAN IKSTlTUTfON, IWJO. 


DurStiu TbfT pnit yi^ar 22S^S7S wfTC ljJiuti]tN5, an tni:r«is« ovcf 

the tiuml>OT ror tlio ]ir4>LHhlliiK ^-rar ftf 25,TTT—ili& bkv^v^n^ mmnnl Inc^peaK In 
tbe history of tlio Bcrvicd. Tttc touil wolgtit of flit's^ imckn^s wa& 
fKmniiP, a gnln af 40;S84 

Tlj(f Ijnnillln^ and ncnrilli)^ of theiie |iiiri.^li» han Tniffll to flio utmovt tlie 
(imUod foret In (romlnctlni: tbo sertic*. imd H linn ooSy bHJn posflibln^ 

to beep nbr<?aai: of tbo by the? dUlgoikt appUonllan of oaeli i-ioployce. 

Tlio approprlnUou by Cotijtrees for tho HupporC: of tlio scrrlee durian 
wn-S rilid AnttH? ntUdhnt afi wn# pointed for the preceding years, and Uh? 

mm cotlcctL^d on nwautLf of repaymcDLa wun ^^,777^1, ninklng tbo total atall- 
iiblD riM»iin?es for carrying on tho s>-£tdm of 3nk-niLitlonnl oKelmnges 

lu the Inut rtiiwrl Ji wm sTaft-d: thfit tho bumui Imcl etitortsi npon an aethe 
Hctl dennite camttal^i [o secure reeiproHil returns fmm nbrood for the ex- 
ebangeB eoiit by thin aoveronjmt ELttd lis doparliiirP^its nml burmuja. Thouub 
thin work boa iidUi^d f^retiEly to the corresj^jiktionco of ihi? oUku, It boa been 
piircutHl with unnhatiil TSgor during the iinwe year, and the nsiim Imvf? been 
tu4ire limn Kit Info dory. In ooiuc eases tJi+^ n^tnmB bu^x? eiceedtid all oxi^ctn^ 
tloDO, bniiitredA of rrdnmeB boring bcou tx?ct*lved. 


inillp Uie JjiiifttiiiK depnrtniflnt of forotgii AfTnlrs at Tatejo lioa, for a aiimbcr 
vt y&tn, Iwtsu pii™! mmisli to dlotrlbiiio tMCluin^ oeot In Ita care for mutp^ 
i^tontleoln In .Iuikiii. Uh* dviwrtmcut Im* only mreiitly Etlmiineil Ita wmiu^uoifi) to 
act in iJio full cniKtclty uf n bureau of exctumnm^rorwarditie to tlic 
wwinn Institution consigntiHSittJi for difitHbittfon in the Uni tod States, oa well 
UA iranainitllnit to liictr 0(lilm»ps Id Japnn excliau^ sent In its Cure, 
UtifennKO was mnil* In the tnrt rcfiort to Hit* fact Uint Uie Kini^lom of 
Nnrvbi. wlilcli w'fls one of tlie nlitiLiitorles to tlin Hniascla convention of ISSft 
bud not osiablislied a bufwm of exofann^ and tluit Uio Rwd dOIccs of Um 
lM«arUi»eul Ilf state liad been noIicltHd tn brlnitlnp the matter to the atteolton 
of the £>i>rrian nmoials. i aiu gratified to sinte Hint these efforts imeo rastilted 
in tbe ostnbltshincnt of a burenu under tJie ilepnrtmetit of foreign nllnJra ot 
BclBriido. I>nekngeR rrs^ived for Senla In tbe furan- will therefore be sent to 
lhat di.-l«rtti>ent for dlstrlbatlon Inatead of t«lng fomtiTdcit ttirougb the Smith* 
«m1aii ofii..nt In tterumny. nn fonoiTly, Jn the ennimnnloitlon from SerrJn 
reeurding tin# snhjeci. it in Ftnttsl that eoidea of at] of the oflMa], aclentiOe 
nod morery [loblEoiilfms will henrefortb be forwarded to tin- Uiiltwi Btoto 
nud » miuest la mnde for sire I tor docometits of this Government Sofrio bmi 
aceordingly boon artdrti to the list of those eountrioe receiving fmi wts of odicLil 
pubiiretlires. tbe first BlLiiuiient, eotislstlng of 20 rases rentnlnlng a wllcctton 
of dneumentA imbllslTetl stnce 3001. having been mode on June 22 IDOO 
In resiAiurr ti> n renneet fonranled to iiw Library of Congre^ through the 
Dei^tiueiit tpf Aiate, Alrare-T^rralne wan nddci] to the Hat of foreign cciin* 
tries reralvittg jicrtlal Mis of offlelnl doentnentn of Ihe Untted States The first 
ahlinnent. eoni|ioai>d of fi enrea, was made noder dale of A|irll 21t. 1809 
Just befon* the close of the yrar a eoramnntaillDn was received fw™ tbe 
d rector of the Blbllnteca Naeiomil at Htieaoa Alrra, stating that by decree of 

S! lilTr'!'UK had been withdrawn frem 

the nnttonanibrary and rai.nretod with the eomisifin pretectora .le blbnoteciS 

Dojmlares. Itneaon Alrw, which Is nndor tbe direction of the denar 

public Instrectlon, Uonaignmenie Intended for rlmt conniV^-iii Sr 1 

forwarded to Uie conmdsalon In tb« fntnre. Tbe Inatltutlli 

here its (n-ntcfnl achnowIcdKctnenta for the rervlees remkred In the t«^h^ 

"nrir:;,:; rrrr^-srj: ^ 
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ffjar Umefl a macitEi—crcunplnltihs re^rdlng delay Id the deIJrery of packagei to 
Dddrcsfles In other countries baTe been received by rhe InntltiitloiL These de¬ 
lays, DB D mle, ocenr In the vnrlous forea^n exchnnge hiireana after consign- 
mmts bn TO i^ssed beyond the control of the Instttntlon. An Lniprovonient Id 
the aervlce In tliin teapot enn tberefom be hrongbt nhout only by the ^^latlea 
and IndtTldnnl^ In other countries themselvoB takLii^ the matter up d^fectiy 
with tbeir otni govommentB, TMienCTcr such complatnCfi imy^ been txsceived 
this coarse has been anaEcsted. 

So far aa reported to tlilh olbco. Ibe service hiLs not ifutfored tike Iose of any 
of lU coaBlgnmeots dtirlng the fmst ymr. Wben It Is eanisldared that nearly 
2.000 boSi^ were idiloiwd to every Qmirtcr of the globe this alutemeut Lb ivorthy 
of note. 

iifiTA-cniAKaE OF euBt.icATioxB PTTviA^ TiiA okitkj statbr Asa oTUiem rtiBsiajim, 

The MtaloDieut tvhlch folimvA pbows la detail the nonther of pifiekages re^ 
eerJved for tranBmiesloD tbrougb the Iqleraatlons] Esebanpe Scrrlee durtng 
the yeor ending Jnue IMOs 


eSpoatry, 

I 

pHA^biiaTf. 



ror. 

Ftcm. 

tt\t. 

Fruidai 
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m 
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a 
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B 
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35 
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4a 
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30 
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su 



' BOff 

M. 

AjyiGDttaib ... 

SkSTS 

4&i 
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A 
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Kt 
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■T 
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11 

9 

7 

. 

13 
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a 

■M 
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3,755 
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nenntuijui . .. 

^ 1 

RltirKlIar 
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> 

£^703 

BtUJEton .... 

3 
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■4 

T ' 

3 

BLyaareK Ar!zhir«lB|ra' 

1 , 


OtifllllJijl .... .._,, r., 

T 


EqUtIa . f if ,..+* E. tt - ....... 

tfiO 


Qi¥4t Unmu and trelfend .. 

S2p»e 

S^IZF 

Boenw..... J 



djBWjtf, I. 4. 

1 UA 

H 

BtmU. . .. 

3^713 

496 

|1 H rul 

a 

B 


7.W4 

m 

dmiilcl(rt7fie ... 

B 

3 


BdUnJl JlujrHM.. 

47 

2 

Giiil<<nul^ 

3M. 


Brltidh CSentnl Atric*.. 

1 


ntiJU ....... ^ 

1 3:43 ' 


Briliih EuL AirtiM 

4 


lla wniiitfi isliltuti 

a. 


a^Uib Gylnaa......... 

M 


EondnrH...... 1 

Iw 

*11 B ^ 
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frt 


Itaailkcittg. . , 

itta 
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m 

IBI 
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40 

■ff Tlrt 

S7 

tiATuiy bilandii... 

IB 


ladla...,,, 

] Till 

G4|i« Colony.. .. . 


to 

Italf . 

^ d Ilf 

i|. ta 

],I93 

Cape Vrfijo iMlandi.,, . . 

1 


JAnudea...... 

■laii 

£S 

Ocykin ..... 



JapAii... 

■W4 

an 

ti64& 
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2«4«L 

3^450 

Jan.. .. j j 


139 

Ohlcyi . .... 

b<HB 

45 

If JH-huTdi ’Pnvfita.IiN- 

3wU 

■M> 

CnkitdhU..,^ . 

bWS 

1 

n^Ph4B^P M rEna .p ■ ■ ■ ■ wm m m m m m 

Jtorna 

44 

1 . -1 - + c ■■ •■+ * 

tioiURtai.. . 


i 

ljUOfl. ........._^ 

2 


Cuba .. ... 

IkB44 


UbtfriB. _ __ 

BpS7 

+ ■ - •< ++ 

1 


|1 
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i - 
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SI 

41 

bcnniwb . . . 1 

3,032 

um 

1 . 

1 


24442 



























































































































52 


AjrXI7AL R£KIRT BlrClTUfiONrAK INflTirUTIOlf, IMS, 



I'mciki^eAL 



Coa&tTfk 



Counitr^ 



rbr. 

Ffdn. 

Fnr. 




Hw^ARMCAT , . .n-r.. . ... 



SL Kittm .. 

11 

12 

12 

14 


AladflJni ^ 

n 


Rt, LtiOfa.......... . ---i-. 


JJliUjfl .... 

i 


Rl. Iilcirtih 



m 

14 

I 
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T4 
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17 
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m 
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IHl 

It 

ig 
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i 
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1A 
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11 

S 
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S 
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SImtii 

m 

] 
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m 

fliertu L«ma .. 

1^193 

21 

30 

i,m 

xm 

S24 

TA 

Ndw Eliliiides..,. .......^^ .. 



SwErEy ImIbJiiIb ... 


W^^a .. 


. m 
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45H1 

!few 


m 

EemId .... 

ICH. 
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•m 

1 
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J 
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IS 


RnrfrtBi 


1 

Korvflir .. 

xm 

hss 

■BU nuLErm . . 

SI 

1 

Qmt?^ Hirer cy ,.. 

m 

1 

Sweden 

a 

' a,mh 


I^QAHi*__ 
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fi Ur [ 1 X^hTl A fi 


U 

l’ailH§l3»if j ^^ 

]h 0, 

2 
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4>Ma 

XtM 

FctiIi* ... 

43 
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um 
m 

it 
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hm 

* m 
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m 

P{wto Hleo.^ __ .^ 

i» 

ST 
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3d 

ivHas 

20 
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IpKS 

s 
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a 
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m 
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W7 
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IS 
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IT 
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1 
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r)DrLii]( the yonr thi^ro w€!tTj seot nbmnd i fwti iww-m fn#. < 

M iMToat nf OQA Boronu i.iiBrf iioxen Coti Incmae over IMS of 

*»«»»» ...i..2t.“CS!tr«';r,.S’" ™!s “TaS:r"^; 


■uEcriHAXai '(m {wkHRiiKjrr iweFUiitTH, 

12^,340, en Incraiae orer the number fEirwnniA.* ,i i* ttie ycer wee 

montbfl of 10,046; while 26^-10 ,«cfee»ee Sll^S 

of 3,803. Thie dlBfmrlty betweL thTl«^^ rewned la eschenge, an iDcreaae 

««.. u«. --.«r azn:, 7 s."z'v.^r“:?.r r ^ s 
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practice Df sciidlDf coesl^maitv te the Library of Cotigrefia lutecL In macj 
n wbDle boi of publlcailoaa beloff entered on the reconte of tMe offloe aa 
ohd pBcbag^, 

FI]|LBIf39( fiZrOilTDHIKd OP a¥At1X OOCOUaKT#. 

In nwirdnnce with treaty utlpnlatloTiH and nailer the nntharlty of the ma^ 
grcfifliriiint rertoltitloun of Mnrcli 2, IS^TT* ond Manli 2; aiFttlng ai«rf o cer¬ 
tain niimL>et of doeunKHits for exrhange with foreign couatrlffif tliere ate now 
mnt retiularly to dopaE^ltorlea fibroeid KS fall pete of United Statea ofQclal piib- 
lIcetlonFi null 33 pirtEal seta—fiertie barlt^ been added daring; the year to the 
Jlet of couatrlM: recotvlng full seta and AlBBco-Lorrnlne to the flat of thoso 
receiving partial iseta, the detafts concerning which will bo found nbove^ The 
reclplenta of fall and imrtlal asela are an follows; 

mroPiToaiiJi op reuii hbth. 

Argentina^ Mlnlpturlo do Helftclonea EUterlopoBV nwefioa Alrea. 

Argent Ilia i UlhlloCeca de tn UnUersidad Xacloua) de tai Plata. 

Anatralln: TJhniry of the Conimonwea-ltb PariiaEneaL Mclbourae. 

Aiifitrla: K. K. Statl^tiHcho Cofitral-ConinilAfloDp Vieunn. 

Baden: Unlveraltllterltlbllutbek, Freiburg. 

BaTorln : Kthilgllcbe Hof- nnd EtaatB-Blbllnthek^ Klliatehi 
Belgium: BSblEotb^kgue Boyak^ RrufizselA 
Brazil: Blbilothccn XncEonab Bto de Janeiro. 

Uanuilft: I^arllameditery Llbreiy^ Ottawa. 

Cape Colony: Ooverniucnt ^Imtlonery Oepaflmetit. Chpe Town. 

Cblle: Blb]|{jtec:n del Coojrreso Naelonab Santiago, 

China: Amcrlcan-Chtnc#^- Publlcatten EEchangc Departmeut Shanghai Bnrean 
of Foreign AtTalra^ Shanglmf. 

Colambln; BfhllotocD Nurfonnb BogotA. 

CoalB Bica : Odcina de D^pdalto y Onnje de Publlotcloncs, Situ Jo«|» 

Cuba: Department of State. ITnhana. 
fVtimflrlc: Kongeltge Dibllothekel, Copenhagen. 

England; Britfiih >fuBauui, Ixtudon. 

Eagland: J^ondon School of Economics nni| Poilllral Science, l^ndon. 

Ftaace: FftKotheque Nntlanale, rarla. 

Pmnee : Prefecture de la Seine. Pad#k 
Germany: Daiitsche HcIcbatagn^BIbnotbek, Berlin. 

Greece ± Blhlhth^ne Natlonnle. AthcnR. 

Haiti : Secrt^talrerle d’etat deg RelaUona Fhctl^rlciireap Port an Fritice* 

Hungary ; HuEigaHan House of Delegate*, Budapest 
India ; Home Deiiartment, Govemment of India, Calcutta. 

Irelatnl: ^fnGonal Library of IreTaudr Dublin. 

Italy: ftEhlloteca Narloiialo VUtailo Emannele, Romo. 

Japan: DeiMiiiBcnt of FnretKn Alfoire, Tokyo, 

^lanitoha : FfOvSaclal Library, Winnipeg. 

Mexico: Inatltuto Blhllograftco, Elbnoteen Naclonab Mexico. 

Kctberlamte : Library of the Statea General, The Hngne. 

South Walea: Rcmrd for Interaatloaal EEchangra, Sydney. 

New SS^lnrid: General Assembly Library* iVeltlogtoiL 
Norway: StorthIngetB BlbUothelc, Cbriatfunlii. 

Ontario: T^glBlaGve Libraty, Toronto. 

Peru: Blhltetcca Ksolotial, Lima. 

Portugnl: BIbllothiKa Nadonml, Usbon^ 
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AKSUAL nEPOUl* BMITI 180 NIA:N im 


Frnfiala s K^^nlgUchp B^rtln. 

Quebec: X^^bltive Ubrarj^ Qtiebeci 
Queeuslenilt pAriblmiaitiiry Llbrarj^i 
RaBskii: Ijuperlul Pub He Library, St t'ctereburg. 

SflxoDy; KlialL'lkbf! OeUennicb^ ljlbni:fetbcl£, OrGsdea. 

SErv-ln: des AtTniree E(miiE)&rcb^ Belgrsdf^. 

Soulh Auattnltu : rjirllAiuoiitiiry lAbraiy, Adelaide^ 

Spttlnt Di-isO^llfi do LSbrofl, CatnhlD iDtonmcloiml y BlbTintera liaieral del 
lllEd]>FtiTKQ dc iTifitruccICn PAblloi y BcIIjih Artes. Madrid, 

Kttn£n]m BlblJutekt^t 

Swit^vrliiiid: BlbllPib^qoe; F^^ralcp Beme. 

TaamiiislR: Par^lJiniMitiirT IJbnir^'^ Hobart 
Tniinjviial: Cknertnuent Llbraiy^ Pretorlo. 

Turliey: De|iArtm&at of PubJlc llu^nictloD, CoiiAtJintlnople. 

UrtiBuny: Ofleioa dc En^pdfllici, Beinirto y Coiije Iqli-nmeiotiiLj de FubUracbDf^si, 
Montevideo. 

VeoKsiielu: Bibllotera ^aclooat, CarAefia. 

Tictorla: rublle Library, Itolbonrne. 

W«Ftern AqMnillA i PoliUe Ubrary of Weatem Auptratbi. Pertlt 
Warttember^: KdolKlIebe Landi^lbllothekc, Stult^rt. 


Pwo^iTotiaa or PurrAq Kirra. 

Alberts; Leglaiallrc Library, Ediqomon. 

Alsaec-Lorraluot K; Mlblaterluiti mr Klsofla-J^ihrlnf^n, StraBubor^ 

Bolivia; Mlulfiterlo de CDlDoU^qE&n y Airlculldro, La Puit 
BrJtlEb Ooloitiblii: Le^alBtive Library-, Vtclarin. 

Brecoei]: Kon^tulAsloD fflr uiid Auewnrtige Au^Fle^eDbeitimp 

BnlgarJn: Mlutstcr of Foreipo AlTalia, Sofia. 

Coyloa^ Unftod Stetea Consul, Coloiiibo. 

Eerrndor: lilbllotecQ KndoitaJ, Quiio. 

Ej^pt: BIbllolbOqoe Kb^liInlL-, CftlTO. 

CiHUGiqalai Secretary of Uie Crovornmml, Giuitemtila. 

Humbiirs: SisiifttAoiiiiiitasion fllr dip p^Ieli*. und Aiwelcientoibai. 

Hesw: GroesberKO£]lche Itof-BIbllottielc. DarBtBtadL 
Honduras: Secreiary of ibe Goveraaimt Tusnclji^lpa^ 

Joaialcii : Colonial Socrctory. Klagiftou. 

Ltberla: Deponteetit of State. Mooroila. 

Lotireiico 31an|UeR: GovorumeDt tJbrEiry, lioiirockeo ^rueqiio, 

Malta: Ljeuienant-GorortiOT, Told to. 

Monlencffro: 3[ In latere PriocJtr dra AQTulres I^itniTitreresi, Cettaje. 

KntnU Colonial Governor, FlolenuorliiEburg^ 

NewfoiiitilEKiticl; Colonlnt Becrefnry, St. John. 

New BruiiewklE: Lagl^IntiTp iJbrary* St John. 

Kfcfira^rtioj Stipcrlntendcnte do Aroblvoo J^adonAlea, aiauagim, 

Korthw^ Territories; Governmimt TJbniry, Be^itiui. 

Nova Beotia; Le^fcalEitlve Library, Ifallfax. 

Omoj^e River Colony! Gorertiaient Library, BloaiiifDateln, 

Paaflma! Secretarin do Bolaukinoi Kxtorloi^ I'anamfl 
Prince Edward iHland: I^l^latlve Llbraty, Cbarlolleiown. 

Parnj^ny } Oflcluo G^enil de InfenDaeloiiM j Cobje* y Comm lap rU GcDwal 
do IsmlencloD, AraDclen, '-enwaj 

Koumupia: Acsdemiji Bomqnit, BTrcaim. 

Salvation MlnlEterlo de Rpiiteluua Esterlorea, Bbd Salvador. 
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OoloDSfil Secwlarr. Slagnpore. 

Sliim : Defiartmeot oi Foru!^ AlTulrB, BAQgkalL 
VJ^uDa j BtirgetmeEftter aer Haiipt- md Ite&ldHiE-Stadt- 

L'filJlKfiP«NNNTar 

The recoril ot exchiuiifie eorrestJOtuleola at the cIosq of the wntoEned 
02p030 uddroB^. being an tnereasc of %W* over tbe precedlia^ A table 

ahowJug the QUDjher of cerresiwtidents In each country at the cloae of IWT will 
ha foimEl Ln the Te|K>rt for that year. 

Ltnr or acuAUt op agbsclkh TmocQH which rTcn&xcpa pan TiUKWKCTTmSr 

Fonowlug I* a list of butoahJ or agEiicIca abroad throngh whlcb the dlsirlbii' 
tlon of ejedkEDgoB Is eitected. T3ia<se in the larger and many In the Brnnller 
countries forwnrd to the iSnilthsouinn iDadtutlon In return cyntributLoua far 
dlttrlhutlon in the United 
Algeria^ via France. 

Abirolii, via Portuial. 

Argentina: Pre«ldeiite do 3a ComUIOn Protectora do BtbUatecaa Poijulaictip 
^tlntsterto de In&trncci<3n Pdbllco^ Bnenon Airea^ 

Austrian K. K. Btsktlstl^he Oentral-Comiuisalan, VietmPH 
Aaofoai via PortngnU 

Barbados 2 Impcrlni Depnrtment of AgnctlUiire, BrCdgetown. 

Belgium £ Service Bol|;a des &Lyint;es toterimtioaauXip BtusbcIgl 
Bennndn. (Seat by tnalL) 

Bolivia: OOcliu Xactonal 4e InmlfnicldD, EMadtatle:i y Propaganda GoagTftdca, 
La Pat. 

Brnrii: Sorvlco de Ferranhic^oa Intomacionttcs; BlbllOLbeca ^nctonali Eio dc 
Jaaclro. 

British Colonics: Cr<mn Agents for tho Coluntea, liondon.^ 

British Guiana: Eoyal Agrlcultiiml and Comnjcrclat Society^ GeorBctown. 
BritlHh Hondarns: Ceionial Secretary, BcB£& 

Bnlgnria: Instltnilonci el Biblloth^ne Sclentldques d<^ S. A. R, lo Prince de 
Bnlgarle, Soda. 

Canaiaa^ (Sent hy maU.) 

Canary Islaada* via Spalm 

Cape Colony: Go vernment StationeTy Bcpartin^t^ Cape Town. 

Clille; Scrvleio de Oaojaa Intamacionalefl^ BlbUoteca Nadonnl* SantiEgo. 

China t Ei-kS'wel Observiiiory, Shtuighni 

Colombia: Oflclna de Cnnj&s Intomaclonaios y Ee|Kirto. Blbhoteca Naclonol* 
Bogota. 

Costn Hlen: Odcitm de Dcpdslto y Canje de PublicacioneH, San Jose. 

Caba. (Sent by n]all+) 

Denmark: Kongo]Ige Ddnika VLdenakahemes Seiskab, C^>pe£ihagen. 

Dutch Gniauai SiirSnaftinftcho Eotonlalo Bibllothcek, PvkranmrJba. 

Ecuador: ^^XIaJsterlo de Relacioniaj Extcrhirei^ Quito. 

Egypt: Dlrector-Gencrplp Survey tif^nirUnesit OIm (^tndlrin)* 

Franco: Service Franca Id des l^bangea Interna tltHinux„ Parisi 
Friendly isTands, (Sent hy mo I In) 

Germany: Karl W. Hlersemnnn, KOnigsstraase 28, Leipzig. 


^Thln method Is employed for commnnicatLng with soverai of ibo British 
colonics with which no medlnm la available for Corwarding exchanges direct- 
45745*—a« ICO®-5 
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Greet Brltein end Ir^litndl Mesars^ WLUlezn Wetfe^ & 23 Ee«?Ji slrLH^N 

StrsDd, IxNiiloti. 

Greece: Blbllotlie^jue KatlQnaIe> AUiesifl. 

GrecilLuDl, yta DcnnuirlCr 
Guadeloupe, vln France 

Guatemala; InstLtntD ^nclDunl de Guntoikaln, Gaateimila. 

Gutuee, vLa PortugnL 

Haiti: Secrflnlre d’Elat dea nelDllouB Ext^rleurea, Tort eu Piiuee. 

HQudtirflG: Bibllotcca Nadoualp T^ueiga^pii* 

Htuxgary; Dr. Julius Municipal QOlcn af StntlflliEcBy City HaTh Budji[^efft. 

Ic^ad, via Deomark. 

India ^ ladlii Store Depflttment, India Office, Tendon, 

Italy: Uflkclo dc«il Scatubl lutemnsEiDofili, BIblioteca ^ias&ionale Vltlorlo Eumu- 
nde, name. 

Jjiliiaica: Institute of JankELEcu,^ KinKBtoti^ 

Japan: DcpartEncut of Foreign ASait^ Tokyo. 

Jartt, via NetbcrlandBL 

Korea. (Bblpmeuis tcmporarlty 

Liberia: Deportiutiat of State. Monrovia. 

lourenco Miirquea: Goverumeot Library, Lciurcuco Aluniiios;, 

Luiciubnrgp tIm Ganunay^ 

M&dflgnsciirp via France. 

Mudein, via FQKugaL 
Mexico. (Scut by malL) 

Montenegro: MIdIsILto Prlndar daa ASTulm Ftratri^roa, Cetluje. 

MDsambiatieT vta Pnrtu^l. 

Niittii: Agiioit-Oeitcral for Xatalp LquiIoil 

Netborlaiida: Bumiii ^iclentlfEquc Central X^rlaudnli;!, lilbUnilne^iiie de rUnl- 
verslt^ IjCydiSi, 

Xcwfouodlnnd. (Sent by maU^ 

Xdw Quitient Tin Xetbcrianda 
Now Iloiirldea, (Sent by maU4 

Now Soutli W'nleBt Bonnl for Intomatlotinl Excliangoa. Public Llbrnryp Sydney. 
Now Zentand: I>omlnloii Aiusoum. Wellln^on. 

Nicaragua: Mlni^erto de Relaclonos Exterlorcs^ Manama. 

Norway: Koagcllj^ Nor^kc Fred^lka Unlveraltct Blbllothcket ChrlsLanin* 
Parapiay: Mlnlatorlo de Eelaclonoa Extcrinrea. AEunclon. 

Pcrala : Bcffird of rotel^ ailEsloDa of the ProGbytorlati Ctinrcb, Now York City. 
Pom: Oflclua de Eeparto, Depi^alto y Canjo Jntemnclonal de PubTIcficlouefl^ 
Mlnlaterlo de Foincnto^ Lima. 

Portugal: Soerico de Permota^os Intemacloimoflp BlbUotLeca Kaclonal, Ll^n« 
QuoonEland: Ivoftnl of Exebangea, Brisbane. 

Boumania^ via Geminuy. 

KtissEa: Comml^lnn Ruiae dci* Eebansaa latettintlonaui, BlblloibtNioo Im. 

pt^Hale publlqtte, St. PotorsiMirK. 

Saint Cbrlstoplicr. (Seat by mnIL) 

Salrnder: Mlnlsterlu do Retnclones Erteriorew, San Salvador, 

Santo Dnmtnco. (Soni by mail. I 

Sari-la: Deportmeut of Forelipi Affairs, Belcnido. 

Stam: DepartmcDt of Forcljtn .\ffalra, Bam^kok. 

Boutb Atisimlla : Public IJhmry of SontJi Australia, Adelslile. 

Spate: llepdatto die Ltbroi^ Cambio Intemiicloua] j Bfblloteca General del Mlu- 
Ifftefio de LnstruoclSu Pflbllca y Bollfto Art^ Madrid. 

Sumairs, via Nettaorlauds^ 
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SwGHlen; (CongHpi Sv^turku YGtGD«ka|3« AkaO&iuieQ, St9cktu>1at. 

SwItKrlBiid: Service dc* EcMdkto tntemnUonmnx, Blbllotb^ue FMCrole Oem- 
trale, Bero. 

Sjrlii: Board of ForeS^ MisaSona of the FpeahytorSan Cbarch, Kew^ Yorit 
Taniuinla : Ro3':ol Bocletf of Toamanlo, Hohart 
TranBi'anl i Oovernnietit Lihniry, Pretofla. 

Trinidad: Victoria InatHuto^ Part of Spain. 

Tnnlt, via Pfaiict 

Tnrkey: AmerlcaEi Board of Oommlfifftonero tor Porelsa MIbbIodb, Boiiton. 
Uru^ayx Odclaa de Deii6ailOf Roiwrhj y Canje lolomiictoiial, Montevideo. 
Veii«Deta: Elbllotficn Naeloiml^ Cantc^d. 

Victoria J I^whllc Llhniry of Victoria, fl!clh0UK»e. 

WcHtcm Anatmlla: Ftthlle Llhniry of Western Anatialla, PfcrttL 
Zanaibar^ (Sent by ttUiU.) 

Dr* Cyroa Adler resigned liln position ns nsalBtnnt Mcrertaiy In cbiinsn of 
iThrnry and eachatiKes on Soiitcmbcr 30, lOOS. 

TtespectfiiUy submittei^ 

F, V, Bmxt, 

Chief Cterit, /jilmsofloaai EjtrAafipo Serptee, 

Dr. CiTAai.KS D. Walcott, 

Secretory o/ fAs SoiJih^iaiori /n«f<luilon. 



Armsuii IV^ 


REPORT ON TRE NATIONAL J^OOr/JOICAL PARK. 

1 Lavo ih& honcr to subiuSt tiip tallowitif^ jr^port on the eoutlltl<>u und 
operattons of Lbe NaOeniLl l^itk for the haoil ymir E-nding Jatio 

ItKW. 

BiLsdtlnlrtiH. 

The euRre eupjxift of the part war provIJed for hy an Itern in the fiiiiidry civil 
act opprovonJ Alflj 21, 1!)0S, approprlntlnj; SSC^OCX) for Keacrfil porposes. tPdiwJ- 
iDg ihe i>archliAe» tniDflportatlonp cure niid nmVnteiiaiK'e of uoLeuuIr; the cure and 
Imprevemcut of itroTmds^ the ccmatructlon ttml r^iatr of all buUdltiESFt, |uclQ»um, 
roadfl, VftL\iL9r and A mm of equai niuDunt tme beea appropriated 

annually for igcvcntl ycar$ The eonaldonLbla InenMisa In Uio prices of the 
necoAsarj^ pretliJaes and labor has nmdo It LncreaBlagly dl^Cult te do nuy- 
thing toward developing the park to the atnndnrd that ouch Infititatloiis usually 
Dttalo at the capitals of grmt imtlonB, The expooses of malntcuance aleae 
amounted to sbout so It will bo Been Umt there was hut Uttic tuarglu 

left for fiddltlenol works. 

It Rhould tie reiueiubored that at the Inception of the park the funds provided 
for huOdltupi and Improvemoiita were entirely InndeqiTatii far Its prupor eqnlp- 
mont and that eoQsoquentJy the niaua^cment wns forced to amslrttct cheap, 
temporary slieliorB* roaEUt wallies and luclosurcs. These have now nrrlred 
at about iJielr IlfuLt of uaefulnmaud do not admit of further econamlcal repulr. 
It is not for the Latereat of the Croroninient to continue la erect striictnrea of tlii^ 
cluBs, and it would ccrtahiSy be advanbi aeons to have sufficient appropriuttena 
to replace them with eatlafaetory j^erniancnt hnlldtngfu 

aeiuiTKaB Asce i^ccLOBtrizH. 

The prlnelpol imprOTements made during the year were the comptetton of n 
of bear yards and the construcilon of a series of M new yards for wolves 
RUd fojcofi- 

Brar yards of the series bad heen built up to the beginning of 

lbe year- During ltK)«-G the lermlnal yard, 42 feet wide and Sfl !mi deep, at 
the east end of the sertesp was hullt and the north eud of the series was com- 
ptetetJ by the coustTUCtlou of three >nrds from S2 to 36 feet deep and 32^ 24, 
and 40 f«t wide. respectiTely. All of ibe yards have floors of rock and con- 
rfste eicept tl«c bit^e one at tho nerth end* where west of the area lias heeu 
left in the original hard clay over which la spread n thlet layer of aanth A 
oonereto welk 12 feet wide was censtruct&l In fmnt of all the new yar^ls. and 
n troilSs of ateel bars wae bnitt ovtr Uio walk and In front of the engeap o^^r 
which vines wtll bo tralsied, to afford shcller until frees are large eaough to 
ffive suffleiEut shades The cost of the work oo the bear yaida dnrlng the year 
was about fS.OflO. The steep hank adjoining the yards was graded and a 
nincadnm wnljc with stone stepa was hullt to furnish a convmieat spproaetL 
fS8 
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The comrUetbii ftf tbit series of jTirUs niEidp It iiosalble tt? tmosfer nil «( the 
liesrg from tlio ttiojjornry wtiodea ciiKes^ tMt Iwvo bi-m occupyliiG tliolr 
perninMoiit Qunrtcr^ Tlio rnges woro ilicu n-moved. and tlii‘ wlik-li ttiey 
tmd tcetiiilud wn« :^fided ntiil jilantnl. 

>roi/ and for irards.—Since tlio occujwxtSoti of the }mtk the wolra nud fosea 
linve bEjen kept la temporary yards near tUe lion house. Il^iIs Iiiik been nuNitltc- 
fuctory In several respccis, the yurdo hehas of im Irrej^uiar uud iinsth'btly 
ebametef, raihcr filitrualre. uud not ns necMtr. am dcsimhlo; A better &tte for 
tlicm was selected at tbo foot of the ateeii aecHrlty. where tlio Htrenm from the 
bea^or valley ennintas Into Ilock Creek. There were conirtractiKl here a Series 
of ten yards bar lap a lolal frontage of 2=^ feet, with n varyInK from 

in to :;a fooL The fence was eonatructed of heavy wire netlUit^ with aiisare 
Qieab. oil stool posts, ftud bn a a height of 0 feel ft Inches. A retiring don for 
each ytiTd was e-scavated In the LLIJ at the rear of the cages anil Hrmnged with 
II door outside the lueloaure for the boeppr's tise. These capPH, ns well as tbo 
Iffinr yards, were campleled ntid occtipled In the lat* antinikii of 
An entirely plotifiaut fonhire of this site Is If a secluded, woodland ebanacter, 
cnlmneed by the little etrenni flowlnp down over rockK lo tlio creek. CosiMlJer- 
ablo planting wn« dona hero, nslng the materlEil Indlgunona to ibc nelpbhorhood 
In order to retnln iss far az |H>ssib]e ibe orSplaal cbnintter of the foresk 
Tbo ectsE of this series of yards wsis about :£2,0(Kl. 

soiLOS Asea WAi-cfl. 

Ijick of ftindfl hforealcd the continued prostoesitlon of the repair of rojids 
iLiid walks In the pnrk. only sucli w-ork iwlriK done or wns iibwi'liitely ncces^iry 
far the public Brtfety. The AiLanis ^llll road aad pnrt of the rewid aloup the 
tMinka of the creek were ttmted with a cool-tnf prsMluct known an " terracfiUo,'' 
in oNalti freedom from dust and prevent ibe washing of ibe roadbed during 
lm\y mins. This was fairly fnicoefit’-foh ^uw of the walks were trwited 
with another irool-tnr preparation known as tarvin." Thls^ to€^ prevail on 
oKcelliHit proven th e of dost end nbmslon. 

The shaded walk and stairway frtHu the Adnma Mill entrnnee to the lower 
levels of tbo jmrk wna comidettHl and a sum It rc^ hooflo and slioller built nt 
the n|ii>er oueL It Is Imlleted Ibnt ihSs wnik can bo mnde one of tbo most 
filtractive foaliire# of the ikirk. In ecpito of tbo earcfnl wnlrli, K(-»iue iMdlonlly 
in eiperleucod In preventing the npltwHlng nud carryLup awraj by viKllors of 
the ferns ami other spoclmenH tlirtt have heeu piniitod In profuslou along Its 
Bides. Tbc airiEsunt oi|»cnded on the walk dnrinp tbo present year was about 
iTOb, w^blle the rtisfic ahclter,^ by foet+ cost nppr&ilniatoly ^OO- 

Accmsioss Aai> 

OiffM hieiniled C chamois from Ol^Hand^ TceeivoEl througb the 

rmHment of tbo Iiitertor from the Swises ^overntncni as a gift to the T-nStinl 
Croverumeut; S yonog Alaskan browu hmrB from Mr. Genrgo Mlitcr, 2d. 
of n^tou.Miiza.; 3 ISnrbados wodIIcbji shfi^p, from the UTiltinl fiEaleB D&imrlment 
of AgrlduUiire^ a large RrSisly boar and fontnTo black bear wllb 2 euhs were 
received from LI cut. G€?q. S. 5L Yonog. super La toudeut Yonowfttone J^ailoual 
I'nrk^ oIko 2 mulo door Jind 2 prong-bora aatolopes from MaJ. tL C who 

succeeded Gounml Young at the Vellowslone Park. Tea beavers were oJso 
obtained In the Y'cllowstouo Park thrbngh rlie i?ooiioratlon of Geuernl Yrntng. 

A llonesa, a ftnlr of Harus ernnes, 2 Enroiieati fIjiaUngoes, and n ashii»g eat 
wor« received In eichauge for surplus anlinal& 
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PifFc^iUfj fiticluded FI iwlT of Rockj MoiitiUilii wn Arn&lnn oiniel, a 

FoIndcsT froni Alnakiu a raasowary, 2 £^>ijlb AmerirnFi cond^irSp 2 jolilraA, tfte. 

Etrlhi nniobcnMl 110, anil lucltiik^i n Brn^HltiD tnpirp ^ j\iuerl( 3 LU tiLiofi, a 
yak* 4 2 hlncli beoTfl, a Homo, 0 Biirbary abeepp 17 door of otHfcSWt 

lLau^rovK> also vortone b^nla 

STA^! dcwfAjf IqchidOil ihe BUnipplno TPatrr liuOiLtQ, wbkli dirt from perk 
tonltlo rofliiUln^ from tbo btir^tloj; of no abacfiBfifl of (bo ronxMi; a yttunj; oraos^ 
wbTch dirt from letikemlcL: nnd a leopard, wlilcli, also, dtrt from iierKoidila. 
A Bocky MoimtntD poof, wliicb tvao do!>o«l(rt In tlio porlc^ dirt tblrty-Korien 
dnya after Jta reeelpt, tram tuberculovla, wljleh ovMeutly Lad Iwn cf3^tTactrt 
while Jl: was kepE in eonllueniefit ueftr llie pUtee af capture \t$ Erltlab Columbbl. 
An European Saniluso^ a crmrart plnooa. and aevcral otbor birds dirt from 
asper^llloflla^ ond five storks from cereoiuouad roniiL 
Oot hundred nnd thlrty-elglil nuto|u»Eea lA-Dro mado by the t^thologlaro of (ho 
BurvuiE of Aolma] luiim^lij nnd two hj tho I^ljonitory of Hygiene* wkleh jjave 
iho follow tng rcanits: 


(Jnnse 0/ ffenrh, 


Puotmionla-,-. - - 20 | 

Tuhei^tilofllP.--^^.______^ 10 

Pclwonury coiigeatlon_ 6 

Anj^enfllhsilEL_0 

Ebterl lifl (n nd jgiiftro'en I erttlo) - - 30 

NophrUta,-. __ 0 

Neeroslii of liver... 2 

H^iattthi_ 1 

Paronchyraatotfa democrat Ion of 

liter.___ 1 

Fatty defieoeratlou of l 

PerllnnllJa^_ S 

FnrLcurdltlo_ 2 

Fntty degouerntloii of beort and 

liver_ I 

Vnlvulnr obedruction of heorC_ l 

^ptkonila_^ ^ ___ 1 

l^nkuiuln __ I 

Cereomonftd ronjs_ 4 

JiifoctEoiie cEitoro^hepotltlB _____ l 
C^Drcldial typhllda.,_^.._ 3 


I lydro |iLI losla_ j 

Subcitiniiooud acnrlaoTo__ I 

Unelnnrlaals __ 2 

Froteua bii^lIosls__^___ a 

EchJnocciccoisla.^.^-__ 1 

PorcioopliishHt LDfeatnEloii,__ 2 

Rabies,___ a 

Myoflhroma._ 1 

Oo|ier__^_ 1 

Osteoniniacla___ 2 

Impaction of boivol____ 3 

Imrathon of l 

rrlnary coneretJotis In elooca_ 1 

Broken egg In eltrttca___ I 

Starvation __ fi 

Starvation rejoicing from eystio 

luiibor In ikroat.___ i 

StmiKim __ 4 

AccMent^___ 7 

No cause found___-_ 2 


vitanfou. 

The oiimher of vlaKots to the lark dnrSnp; the year tvrs a daily 

ovcniire of about ]Ti4T* The largeit bniiiher In any inotitb wna 127.035, li* April, 
3900, a dally average of 4,254. 

During; tlie yoiir there Tlitted the iwrl; 148 schools. SunaDy schools, cVn!iSii«, 
etiiM with 4.«11 jiuijils, a moathiy avoisgo of 3S4 pupils. Wblk* most of them 
were froui the city ana tb* Jftcjedioie vldnltT, 2r> of the schixils wens fcom 
aelfifaborlii^ Stotce, nnd clasee, estne from I/>w«ll. Warren, Boston. Fall Rlrer, 
aud Dovre, Mflse.; PortMod, AuRusta, and Auburn. Me,: and WolUjagfonl, Vt 

NxuDi or rnm r4iK. 

A^itdcfum.—The present huUdlnR was orl«lAnlly a Uay shed of ordinary Vl^ 
glnin [doe lamber. It is now la a most dilapidated condltloa, the fauitilatlDu 
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bavLDjf mmln m tuucli us t<> eniek thv kUs« of the flejh tunks^ tbDs causing tltcm 
to leak* It will be ncei^asaTy lo close th^s bulIOIn^ tetii[>omriJy iiDle^:^ isoirip 
menus an? found for tolflUy r^ieoiistracl kOfJ JL An e^blbU of flak nod oUier 
timiine nnlninlB Is ono of the flioet nttinctS^o that cnn be fitteu lu a Eoolotslcal 
coliwtLoik and It la rery deslrubJc Lbat It UUotiM be nmintulnciL 
Ocnrnji Tbe iiOf?d for a Btrueture of this oliarnctef W etldeot to uny 

iDlelll^nt visitor to the imtk. Only a part of the coHeetton cnti tiow bo oslilb- 
JLint tu iko public becnuse of lock of rocun. A iiuiuber of outdoor i^oUcrs and 
ecil 5 t* ttlipiihl also Im? pnoTldiMl for the eshtbHlon of hardy birds. 

/Hcfosurc /or airo Hom uotf Meats.—A projwr pool for anlmalB. with ault- 
nble ike]ter, jdioiild be built us soon am poo9lbl& A good sLto for Buch an 
blblt would he Just above tbc wolf and foi decs in ibo beaver valloy. 

.-intefoife houst\—Th€t ltiudet]tiucy of this bolkllug has been men Honed In 
previous reports, [f nay conslderablo additions of rumlbUbt aiibnats am re¬ 
ceived at tbe iKiTk^ It will be ueoeasavy to enlmrue It, 

Offlci? bwWrffMo.—It is KTpatly to the dL^atdTtlat^fp^ of the pork to have the 
superlotetideiiHs offii!e nt so gteftt a distanco from the i?etujrui working foma, 
A salinblo stnietum abould be bulU near the center of nctfvtcy, 

l^ealoaroiir and public com/orf.—The park is becoming more find more a 
place of frequent resort for the pnbllc, as is ahown by tho number of visitors. 
The present urtnngemcnts am totally Inndeqnate. A good reHtauronl buIldiDRr 
is urMcuUy needed. Shelters nnd addlHtm public comfort quorters for vbsJtorv 
are also wanted. At priffionl, whenever a quick rainstorm occues^ many visitors 
are umible to got proper sholicr^ 

kmda diid It is hl^y deslrflble that the construirtlon of roads and 

walks, which vtraa comuienced tindor tbe iipproiirlatlon of ^15,000, made In IDOi, 
shookl now be ooutlnued. Tbe geJiaral npproprlatloHi for the park Is Lnsufficleul 
for this pnrliose. 

«:T4Ti9CP-VT jmt ttlH C<k£,UCCTIOa. 


Aoce^lotis during tho year; 

Presoiftad _____ _ ^ . -- --- 124 

IteceJved in exchange^__—----— 12 

Fui?clia Mil _ __^^ -- 3t)l 

De|iostted-,^w^.-------- 0 

Bom and hatched In the National SSoolagtcal Fork___ tlD 

Captilred lu Yellowstona National Park_______ 14 

Total-- „ --^ ——-— - ffre 

FrCecatcd 

Diamond ratllesnnke, C H. Kappone* Calro^ Go - „— 1 

Bhosij^ Dionkeyp F. N. .^leycH Depnrtment of Agriculture_-... 2 

Alligator, Mrs- G. F, Graham, ------— 1 

Common coiiary, WiHljam J. Myalt, Sharon Hill, Phlladelphliif __ 27 

Chiipman’s ct]rns^w+ C- Ih Jonc^ Cnnipeclic, Mexloo-^.--.^^__ __, 1 

FnrtdisU guaup C. H. Jobee, Cfttupeche, Mexico - --- 1 

Barbados sbecB. expf^rtment station, United States Doitartiocut of Agci- 

culture^^-^—— - ^ - - ■ -- 3 

Alaska peninsula, brown bear, George ^tlJCter, 2d noaton, & 

Common canaryK It. 1* Beartl, 1013 II street NW„ waAblastcm, D, CL^ — 1 

UnIdentlllGd bird, Wm. J. Myntt Sharao Hill, Philadelphia, Pel—- 1 

Chicken amke. E. X Carrlcop BUthtobf Ky—--- —— ——- 1 
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Hog-noscd snake, E. T. CanPicOi StiUii,«n,i Kj_^_-1 

Capuebin mauke^, Mlto M, Ate^awJcrp 3i|<K;»r^e3d. W, . . 1 

Cojroie, die Frcsldenr, Waebhij^oDp Di _ _ — __—___ 1 

Bancl-ed rattlesnake. Dr. Prentiss WLIeod, SiMi D irtreet NW., WaiJiIr^' 

BUieksualtep Mrs. IlflIU ^28 WlflcoDsln arcane, Washington, D. C___ 1 

Bpoticd Jjta. Mr* nuiit+ siiiN^Haicndent n^gtatr? aiviBiotip cltj? 1 

Blaek b€rar+ tSae Frealdetit Waahiiiprtoti, D, C,, . ... — _ 1 

Cwper's liftTi'k, ItnKfiel tiered It t4 121b Gimrd street WaHliSnir(oB. D, C_ 1 

Ho^r-nosed finftkev Drtiti* J, Walter Mlteliell, tlio Evening Star, Waehlnc- 

Gray to, Miss M. P. Oirterdlnger^ S30 A street ^.'E.p Washington^ D.C._ 1 

Llxarti D. J. Nldielson, Orlandu, Fla________ 1 

Dlona monkey, Nlfaolnl Sokoleff^ 14 Park hme. Jankakn i*[n\n* Beatoti^ 

Sharpish In aed hawk, \V, A* Shetnian. Vienna, Va _ ____ 1 

English rabhU. Urs, Jnhn R. McT^a, Frlcndsblp, D. C-- _ 11 

Commoit ferret Jdtrs, John E. McLeanp Frlonilshlp, D. _ 1 

Alllgeforr MLs« S^rab tjeon, 1133 Foiirteciilli street, Washhipton, D. C„„ 1 

Tellow-fftitited smaEoa, EL A. Klagoa, Grafton, E^i. ...__ 1 

Buhbjr, X R. IlendersoDp Jr., tJWG Enel Id place, WasliLngton, It = ^_ 1 

Brown mpuchin monkey, Hon. S. B. Elkltisv United States Sennte«-___^^ 1 

Pine snake, George V- Green, 1^04 ^CDlh stroot NW., WasbJngtonp Ti^ C_ 2 

Bum oft'l, Cbarlirs Ewuld, Alexandria, Va__ 1 

Mtillarii dtick* Mrs. L- E. John son, iCKiT E niroet NW„ WaHhlngtoap IJ. C„ 1 

Red-la lied bavk, Jes^e lined, Jr^, Helteplain, N. t __ 1 

Belgian hare, li^ Fellow^ thTiOl ^'jiseonsln avenue, WasLiiiKlon, D- UV ^ I 

Amerlcii!] raven, J, K. t\ Gnles, Eeokee, Va _ 1 

Bam cwl, Adrlaii Poole, Asbbum, Vn_____ __ _ _ _ 1 

Dairoa ckwt nil IC street NW., Waabltijn^it T1 G _ _ 1 

Screech owl, W. S. Illtimaii, 270ft ThlrteOkith street NW., WnsblngtoUp 

D, G„_______ 1 

Builflueb, attache o£ the AUfttrlan. enibdiss^y, WnRhhipnn, D. C_1 

Common attossiink the President, WaBlilnglon, D, _ 3 

Common aposoniio, W, I* McAfee, Deparlment of Agrlcu3tiiro___-___^„ 1 

Male deer, Ma}. n, snped at cadent Vella wvtonc Xational 

Park, Wyoming^-.^__ _ ______ ____ __ 2 

rtoEig-horn Antelope, H. C. BofU^n, sinieHiitctideTit Yellowstone 

National Park^ Wyoming __ __ _ __ . _ 2 

Raccoon, Dbarlcs IL Fletlmont, Va __ _ _ 1 

Raccoon, F. Clark, Irvine, Pa.*_ __ 1 

Gomiuon o|>o^iim. Pink Cherry Market Campoay, Atlanta, Gn_ ft 

Alllgntor, Mr. \\ Idtlerdelij, 1^17 Ooiitiectlcnt aveuuo NW,, W'aiblQgtoar 

D. 0__ _ __ _ _ 3 

yeHow-fiti'nlM amaEon, Rlcbard Wootl, 43 Qnlocy place, Washington, 

D, C---__ . -- _. _ _ * _ 1 

Coalman sknak, F. Jabtison, Wnsblnetoe, D. C-_ _ _ 1 

Great bometl owl, F. Johm«Ttp Washington, D. C___2 

Alligator^ nttneb# of the AipstrlDn eaiUsi^y, Wasblngton, D, C__ 1 

Alligator, Harry Wminma, 413 E Btreet NE., Washington, D. C-,.___ 1 

Bakl eagl^p O* F. Brock, 53 1 street XH., Washington, D. _2 

Cbomoh^ Bwiss Govomtnent^.______ __ _ U 

Oommim cAtinry. George Hawkliw, 2llfl First street NW.rWnalilng- 
ton, D. C*. 


1 
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UlECk flnako. F. CL Har1ej» WaRliln^toti. D. O---- 1 

Blnelc liiiiaoovj ducb» Ji H* Holmcadp SOSl TliSttOCHtli street NW., Wdfiil- 

ftiCton. D. C— --—-------- 1 

Alir^lor, John H- Kol^ht. 1410 Owsplii street NW** WftsWnetoiip B. 1 

Cobmioti cniioryt A* I* Bnindotii 2130 G atreotp Wsahlnpfon, D* -- 1 

Cocnuot] godtt, Ijonls Brandt 400 Nes? Jefae^ n™nc Wmahlogton, 

Oouptrp A. F. Proctor^ Tork Clt|^----- I 


nDKKMMJr 

Anlinnls on Intitd Jnlj 1+ ^OOS— -—— 

Accessions during the ymt^. ---- 

Tot 4 il —.. . -—- - ^ 


Deduct lows (toy exch^nis^ dontto* and rctnmlog of iui.ltiialB)^--_ - KI2 

On bnnd Jtme 30p --—--li41fl 


Ip 402 



BoEiweLfnlly aubmlttOiL 

Fujrs BASm, ;9up4;rfnfcniieni. 

Dr. CiiAJUxm D. Walcott,. 

J^cicrefarir of the SmiihMOtiitut fnMtUniiom, 






































Awwijii y. 


RKPORT OX THR ASTROPHYSICAl* ORSERVATORT. 


Sir: Durliii: the [Mist ymr the tenijioniTy wooden Bbcltora used for observing 
OD Mount Wllijon. Cnllfomla. In inoTi, 1900. noil 1B08 bnvt bom tom ilowo And 
rcplnocd by n stnictur^ of cemont blocks. This wiia erected nt n cost of 
on a Idol of fironnd 100 f«t square In Lortsaintiii j>n>JoctloD, leased for h term 
of nlneiy-ftTc years by the StnltbsoDlso Inatltatloo from iho Mount IVlIson 
Soliir Obeeri-atory. flie new ubserrlnig sbeher Is L shniicd In ploa, its feet long, 
27 feet wide, and with the two bmnehes of tlie 114 and 10 feet wide, tcoiwo- 
UreTy, Foot tall ptoRi ore provided for ibe future erection of n tovrer over the 
oantb oud of the structure. The r'roposed lower is Intended for nsc as o vertical 
telescope In solar obserratloiw nnd also as o sultoble slatlcm for making ineas- 
nrenieura of the brlghtnees of the sky nxid cloudic Within the new bitlJdlng Is 
a chuttilier of coostJint temperature In wLicli is the sjioctrtKboloiuetrle outfit, 
And Also A dark room for photogra[)hlc work nud ii small ofllce room. Tho site 
icitsed is on the edge of a precliitoui rfdirc o-verlooklng canyons abont 1,00© feet 
deep on the east, sontli, nnd west. U Is thoroughly Isointcd from dlsinrbanccs 
caiioed by electric service, gns aiglnes. or tnUBc. oad Seems to be pccullaHy 
wall odnptcd for the work La baud, 

Me personnel of the olsenatory bn a dShtlnued principally unchanged. Mr, 
L. B. Aldrich completed bis tetnporury sen'lce as bolometrlc assistant on Sep* 
teniter 20, im Dr. L. a. IHKersoll was eoitaifed teaijkiriirlly as bolomctrle 
asststant on Mount Wilsoa beginning June 2l, JOOO. 


«ou or raa nui. 

-- iKert at IFiuhlnjflqa, 

Mr. Fowlo has couttniicd bolomotrlc obscrvatlona of the brlghtui'« of dif¬ 
ferent jMrlB of tho sun’s Image whetievar condltloug favored. Xo luoasore* 
^its of the solar coustfiDt of mdlatlon were attempted at Woahlogton, as that 
bmneb of the work can seldom be done there snccMSf miy. on accomit of smoke 

null UQllafl, 

A most latciestltig plc« of experlmetilnl work on the tmneparoney of air 
or e long-^ve mya, such as the earth ntdhites. hnd been begun by Mr, Powle 
early la IWB. Itesults have been obtained by him for the ttansmJssloti of aU 
rajs Mtween WAve'lengths Ifi and iOg, Uirough a column of air 40© feet long; 
containing various known amounts of water vapor. Compatation of the re¬ 
sults from these experiments Is so far advanced os to show tholr antlsfactory 
quality- Mony ndditlcnnl experimaits with still itmgef eolamiiB of air and other 
stuounta of water vapor, aad extending as far down In the spoctrum as wave, 
length 17a, are in preparation. 

The late Swretary Langley stated,* as a result of bis Mount Whitney ob- 
BCTratlooa; r en^or that the temperatoiB of the earth nnder direct a.m- 
Bhlna oven though onr atmosph ere were present As now. would probably fail 


tU 


■Reiiort of the Mount Whitney Ripcdttlm, tj. J53. 
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to —900* C. If tbot atincK!j;iht?re iHil ml jicjsaosffl the iiimllty of selective 
timJ" A MlUo later liTpf esErerlnientdl result* 013 sJio toiupomtuFe of the moon 
led 1*1 Ki to cbongo ttile view, for he Fsld:^ "As betwota* my observatlous and 
Hij inferetii^ea, I bold to the fonaer; nod Irtler nild loug^^ontSiiucd oh* 

^n'ntlorts • ■ ■ show that the temiwnitiiie of the sutiwurd aiir/ndo of the 
mooii (which la cottftinly nearly aLiiesg) la almeat certainly not irrtatlj below 
xerc (centlji^de), ] have hecn led to beTIeve myself mlatnlEen In one of my 
Lofereucea dmwn from fortner eipcrlmcnl^" Prectse knowledge of the lelcct' 
ive absorption of our nltueepbore for earth mys is still laekLiije;, altliog^ two 
decades have elupsed Since this wo a wrldeu, and contradlelory ttIgws ora atlU 
being expressed about Ihia very buportnnt subject by able writers, It Is boped 
that Mr^ Fowle'B cxpetlnientif will add mueb dedalta InforajatloUp useful In the 
study of tlio depexidciu'e of the eetib'e teuipemturo oa mdSatloa+ 

Couiputat{on& of the reaulta of Waablugtou and Mount ^vU*iu ob$orvatlOita 
Love goDc on steadliy* but It li4S not boea possible to toep the mJactloue 
HbrcABt with tbe numennio ob-iervarLMua now lielug obtaluod- It Imrt heoti con¬ 
sidered dcslmble to mnke dally obaef-vutlous of ibe solar Mustubt of nldin- 
lion during the observinjf ^i.^u at Moutii Wllaou^ and tbe reduction of caich 
day's observatlouR reiiulres H‘vcral of iiienauieinynls and commEtatJona 

at WuBbiiigtoiL 

f. irork irf IfObal TTdigH, 

Speetrobolometrlc measurements of the " sidar cot*^tant of rodJntlon^ were 
eoutluued by Abbot (wlUi the aHvlstmuL'e till Scpteniber 20 of %Ur Ablrlch) 
on every favomble dny ciutll about Novcujbcr 20, IJX^, Tbe expedition wa^^ re- 
iiewod Inlc In tbe foHuwiug spring by Mr. Abbot, and observations begun on 
Juuo 1, As Ln former years, cvIdcnccB of 0 ductnutlou of solar mdlutlou 

were found In the results of tbe meosurementB of ISOS tbu^ far obMtlnecL 
Vqrituja improvoiueuEs In tbe umkIcs of observing htivc bociE mrule, es|«ctally 
lu the tHjlc*fcnetrlc measurements of tbe ultra-violent region cf tlie staKrlrum, and 
ftlH) In pyrheltomeiry. A new sind Improved standard pyfbollomcter was tried 
l'epeat«11y oil Mount Wilsan.. Its uelion Is mute f^ilRlnctoTy tban tbe one used 
lu 1000, and great coflUdenL-u Is felt In Uie retnilta obtniuod with It. Api^iLr- 
ently the rCfntlitA published on the provisioaal arbltnuy scale of pyrhcdloiuelry 
eniployi'd In Vohiuie 11 of iho Auimls are sevend per cent higher than they 
would bo If e5pre*5cd on tbe scale of the staniiard calory^ Ou tbe other band, 
tbe resnitd of the y^^r Indlcnle that a larger allowani'C of hirreaHe should bave 
been luiLde for solar rays In the ultra-violet a ad exlroniu 3nfrit-n'*I resbuia of 
Ibe ftiiccSriMU not observed La liaXl nud ittiMS by ibe IjoEuuwUt, tiud this Incrense 
will probably nearly or tiiiite couipansjite the ebange of acale In pyrhelloaiotryp 
lofivtog tbe tncau solar constant"* vnluc veiy nenr to 2 calorlea jHfr sEinare 
cantlmctcr p**t mluutc+ as slated Id Volame II of the Auuals. Gnat efforta 
have been nuido this i4ttst year to carry the boloinctrlc lueasuremoiits much 
furtiior In the ultra-violet- For this purpo$a u hirge quarts pHam, a hirkf 
ultra-violet glass prlsta, and two urngnaltuto mirrors linva bi^ed procured aud 
are now In tiBo on Mount IVtlsou, uud dally ob^cnadons are now caiTled ad ftr 
as wnYe^Icngtb h.d3V- 

S. Hrpnflridnu. 

Jn Aujmpt. with Director t'^atniihell, of tbe Tdck Obeetratoryt Tdr. Abbot 
spent about twenty-four buura oti the summit of Mount Whitney 114^502 reel)* 
This mountnld, which wng the chiectlve point of tbe famoutt expedition of Mr* 
Langley In ISSl, was recommended by him to bo rc^wrved by the Oovemment 


a The Temiieralure of ibe Moon, p. 103* 




ee 


ANNUAL aEPOUT SMITHSONIAN INSTITUTION, im. 


ami [iBffll Off tliQ HitG for an ohitemilory, Tlie r4wrvfit|Qfi v.\iB In fritt cmJo^ 
bnt no ubsen'sitor^ Ims l>evn mAbllebcd thort'. Sip, currlral wltli tilm 

to Mount WliSiuc^jr a jsTrlicUomctCT and wijt iind Oty tlienisonictcr»+ niid m^du 
oliHen'ntlcHifl oti tbc aiiintnlt IkmIi In tbo oftumiiKiiTi iind mornluf^ bouiij, Itlotb 
iH* and Mr, Caiu|it>Eifl ivore fnvoniblj Im^^ri^'d wllli tbe tidvanli)£x>is of the place 
for cibservliii,% and wlUi tbe relative oouveftlenra ut aflcenain^^ the inoirntnln^ 
conalclortn^ Ita ereat altitude. FlnehnlldEnEt stone, sand^ ami ivnter n^ero fouml 
at tile auaimU. Mcsars. Campbell and Abbet* tbereforet MCotnuietided to U«s 
Seorelorj of Eh« SntltliBeQlaa InatUntlon that a emat from the Hodf^Ens fynd 
nhuuM bo matle for tlio pun»^ of erect log oa the euaiTult of Mount Whitney 
n stooo and «teel boiiBo to aheiter obEonora who tnlyht ap|)]y to tbo loatltutloa 
for the Ufie of the bouse to promote Envi^tS^^tlona In any bramdi of selooee. 
Tbls race hi mend a Clou ivafl iipproffied, auil tlio house Is new bi course- of cou"- 
atrueUoti (July, 

It has Ihecn held by *oino aatroiioiaers that mcaauremfMits of the solar 
canstaol: of radiation " by hlj^h and low snn nbservatlohu from a slnalc fitatLoa 
at a low altitude^ or even at tho altitude of Mount WlJsaiip are subject to a 
Srent error by raisea of tha InipoaaEblUty of correctly Rllowiiip? for lora la our 
otinoHJhert In order to BBcertalti (f this ohJectloEi la Tvell fnimded, an oipe- 
dJtloa to Mount Whitney by Mr, Abbot la idauned for Augriar, ltiOS>. He will 
carry n complete epecLre-hDlometrEc ouiat* for which Mr. ECramor has cou- 
itmetod the mechanu-nl porta la the abop of the Aet?oiihyslcfl1 ObsomiteTy ad 
Waabliifftou. Tbls apparatus will point dErectly at iho sun. eo ita to dlEreiiae 
with redectEons at a eoolo?tnt. A qua rts prism a ad two mapmllum mirrors 
coostltote the sole oj^tlcal parta ef Lbo spflctmscoipe^ ns It will ocnerfllly bo 
uBodri btit n clais prism and Edkvored mlrron will alEo be employed in th-e- 
pyaminntfon of tbe water vapor bernda nud of [ho lufm-red spectrum. With 
the quarts and mapiJilluni outBt it la eipocted to measufo the euonsy of the 
apoctrtim from a bout wavo-ieuath 0.30^ fcn ibe ultm-vloiel to wciv^ienutb 
In the Snfni-Tcd. Sttoultauooualy with tbofia nolar cnoEtnnt’" measurements 
on mml TtTiltney complete obematJona of tJio anme kind will bo made ou 
Mount WllBon by Doctor Ingeraoll, and if the results of the two shall n*™ It 
ia thouKht that there will be left iw gioiiiid for reasonable doubt of the accuracy 
of the motbcHiL ^ 

■auu^T. 


TIk* J>rli)i-r|ul wofb of tlj* jar wmin'liwfl fretineut ejievtro-Mouictrlc esmu- 
twtin»4 or tbo ralatiTe brlgluaws of different t^rlB af tla- minV <]i,k f.,r rays of 
sararoJ illffereht wftTe Jcngltw; lUMMireniMjls of lU* inusm|f^<laii i.f 
rnys, aiicli am tJu< cnrUi tunttn, tlimtti^b very long caUiiuns of uwlat «lr; tlw 
atway eonttnudtloD of ihe mlaeUott of Jloirat IVIJwn ond WrtdliiiiKtou obsena. 
tioiw: Btx btdtitJiA of Almost dttlly MltBorvMtloo OA Slonnt M'IIaoia for lUe deter- 
minAtlou of the TnrloblUty of the San; u jirelimittnry irtwervlopf extualitloti to tbe 
Aunuult of Mount Wbltney; aud tbe coiupTetc iirererailoA of iiiiEmrohi, nod nr- 
mniiOmeiilA for a sorleA of obsemtlcms of the “ wlar eoaMniit ” by ibe ATtcelio- 
Moiuctjrle mcibod, to be au« 'e ^ultansmtixly At Mount Wlljson And ilouAt 
niiltiiej In AngDAt, lOOn. 

ItcApceUully eubmUttiiL 


Dr. CHAAtU D. WxteoTT, . 

Scefvtitrg 0 / the Bmilkacfttan httiUttlUm. 


C. G. AuAAr. Dlrcetor, 


Sf*ntfhMnlui ftapnrt. li 9D9 -^Sacraliry*! RapCirt. PLATE 3^ 



Smithsonian Shelter foR Observers on Wount Wii3TN£yi CALipoiittiA- Height 14,502 FeeT AeovE Sea Level. 








&nlEhiiii^lifi Hippfirt, I-SiCUlVrr'* f*U.*TE 4 ^ 



5«ITH*0N<JHM Shelter FOK Ofl4i£flV£31& cm* MOUWT WHJTIIEVh CAUfl^ttNlA. 








RplJpil. —SpCpi1i.Ty'i ftspdrtL PL4T£ B 



54^|TMSOhtAH SHELTER FOR 01^ MO^NT WhiTn^Y, CA3.I f0111414^. 








SmiWii4>niifi ftnpwt I Infill?.—R«p*rU PlaT£ 6. 



Mount WfiiTN£Yt Cauforni^ Hsaont Hi&02 Fe£T. 
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HEPOIIT CX THK I^nU^ABT. 


Sin I I ZuiTe the honor to proficifit tho /onawlag report on tbo oporntfonff of tho 
library' of th^ ^lulLbEonEnn InJitltilUon for tho EIbcoI year «>uilLo^ Juno :S0, 100&: 

*r\i^ retlpc-mtiit oarly Eofit fnlF of Dr* Cj rua A(ilor+ UbrarEftn of tho InstliutJoa 
aoEl la tor nnatfftJiiit Bocrcfary' tn ehuin^e of library imd osotmnKfsft, Jo ordor to 
anson]? cbe of thq Droiislo CollDicq for and CofrrkHtc 

of I'blbiitk^ltiUlfti I'n., wa!i a sorinua ]cKsa to the llthmry. HIa loynlty, h\A ktiowU 
odfre of librnry bianco iil hotne and abroad, his Idto of books, and his Intliiiate 
actiintliilance with tbo ’worklo^ of Ittfl library wqro Invaluable^ not o«ly to tUe 
IbUttloUoil blit to IjiTiestl^tors at larke. 

The Acee^loiifi tveorded for the Smittiaohl&n dcpoalt, rdhmry of Gongress, 
UDinbercd VoIittttWlr lairts of volulue^L, 2,fi37 puitnphletav anil 7T7 

ebarts, maklni; a total of 1T,£^ imhilcaUouBL 

The aece^ion niinibera run from to 495^tffi. Tbeae publlcatlotta were 

sent to tbo Library of Con^si bb booh as revived and entered, iiiid lb their 
trailjmil^loti lOd lM>xea tvere required, wblcb. It Is eatimaied^ contained tbo 
egolvaieat of traininea^ while tbo nonibor of pieces sent, which Incliadeo 
jiariB of periodicals, pampliletat and voluaiis^ wna CIO,i?i&. Tlile does not laelnflfi, 
however^ about 3;,8^ parts of ^rlnl puhlieaDoiLB aeciired hj exchange to cam- 
plete sets transmitted sepamtely. 

The policy of seiidins to the Library of Congress public documents presented 
to the SoiilbflooLia Institution, without stfimping qr eutorEngp has been eoullH' 
Tied, Hiid the nnoiber of pnbUcattona iriveu above doe# not tucludo tbeso, nor does 
it Imdnde other pnblicallons seat to the Library of Cangreaa which are received 
ihrougb the iDtematiociai Kxchangea. 

The llbrarEefl of the Smlthfflmiaii ofllee^ of the Astrophyaiciil Ob^vatory, and 
the National 5^lpglcal Park have received 2M volumes and pamphlets and 
1,61K> parts of voltimes nud charts, making a tolal of 1,994, and a grand total, 
iaeinding the publleatlohs for the Smithsonian depoett, of 234E1. 

TLa pflrtfl Of aerial pdblEcaUonB entered on the card catalogne numbered 
£0^04aud 1,110 allps for completed volumes were made^ together with 4TT cards 
for new pertodlcalB nnd annuals, which were added to the permanent record 
from Iho peiiodlCBl reeordlag desk. 

Itiaiigurol dla^rtiittonB and academic publlcfltioae were recoSved from ualvcr^ 
sitics nt the following plhcea: 

BaseL 
Boro. 

Bouii. 

Breslon. 

Drealeiu 
Brliingen. 

Freibu rg^mB relsgau. 

HallC'En-der-Sa tk le. 

m 


Heidelberg. 

PbJiadeiphhL 

Jena. 

Rostock. 

Kiel. 

St. Pelershurg. 

KQidgsiierg. 

Strasburg. 

Lelpitg. 

Warsaw. 

Lubd. 

Wnr^berg# 

Marburg# 

ZDddi. 

New York, 


rarls. 
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ANKUAIw KKPOJIT SMlTtlSONIA^i INSTIXUTIOSfl^j IWO, 


Similar pnlilk^ttonia Ziaiebe^i] wch cd Tmni the tecbnli^al tlpli scboelE iit— 
Budapest. KurlisruLe. rmi^e. 

BanDEtadt I^iriTnEn. i Uri^Rle 

I P-rl.. I iVfefibndoji, 

lu catylns opt the pTan to cBrcct new exchanije!; nnd to secnre mEpEEDg parts 
to cojpi.1^ wta, 2 ; 3 flf 5 jettcre w^re writt™. r«Hu)tlDK In ..bout 4T7 perlodioiiB 
b«ns jtdded to tJie lists nnd Uie rwelpt of nboiit ^iSsa parU Incklnj; ip Uie iseiB. 
which intrtlallr miol or entiroljr coD.jili-icd Uit vprJoiip series of publlcattaps 

Ih 1" wrEtinc for the mlsslus parts of i.uhllattlopa 

the llhtnry Lea had nssistapce from iho Ipteniatloml J-lxctanoKes of thp In-rtiiu- 
tlop, 1.1.t tbe results of tJii-se peq.jcsts mn not be tlertuitety slated, as tl.o replies 
frem them were sUil comluR Ip at the c]oae of the year. i„ a*li[Iop, the 
has c^wrated with the Interaptlomil KxehanHe*. In sending ont lEsls of 

7.L^ ti ^ Confiress to the following; Argeutltio Ropuhllc, 

A.istria-IluDepry. Uaden, IlainrJa. Itelginm. ivoUtIo, Hrcmen, 1‘rovlilre of 

V / ■'"foal™, Jepnn. Malta. Montt 

P^'p^r Tt Nicaragua. Norway, fa.uinui. Paraguay, 

lem, PprtugnI, t nisei... Itoiituunla. Ru«tio. Swaien. Smlrndor, Saxony city of 
Vienna. Uruguay. Wurttemberg. ' ^ 

^ conspitlng the 

pnhti^tlons hi Uie reading room, and In addlilcip there were laaued for nfflee 

oae. W hound volumes of periodical* nml 3.7«l pprts of telen^Hcl^SidStBJ^d 

**■" "fsnuilloQ bps been 

i^r ™ E~"3 L“ ™ 

borrowed was J.te2. ppd^ far^l or , T f '««'» 

Burror’A^eS Snoi’S 

j£js::'r'^^srri“j=iV“r-T: 

Jtfhlfo^raphi^ Of eercMiaaffes.—^Tnip bihlto™^!... .. 
which include* the indexing of pop^™ In Ht^tiire. 

nautical soclettcp, together wiib^b. una^ ^ 'f “ Prececdluia of nera- 
was completMl, bringing the work «iJ to July j'Tm 
the manuscript vtan ready for the printer ’ ^ ^ 

Aaeriain UtMtofleat A**oc(oiloa__Tii„ 'exch«r.^ „r i. 

American Uistorlm] Atmoclnirnn frep, ite sornuj report* of tfae 

pose haa reaniicd in * number of puhllcatloas 
the world being added to the Smlthsonhin 

T>.n.iib... . .. aj^Tio»*v mriEcit 

year, Dr. ^ 
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tUcliJDoiid dddiKl sclentlUc publications wblnii dre of in complotinff 

s&ta and lllltn^ lo ot the Betlea of nutbors' iYoiu tbc estate of Dr* 

Otia Tafton tlirooidi tlie exeentor. Df+ K. B. Follard, Ibc Myseuis^ lia9 

received Doctor l^tneon's woThing- library of nntbroiK^loglcal publications, to- 
getber mih a collcctloo of Lie mnaueerlpt notes. Dr. Wirt Taspln, for some 
time ftSStHtnnt camtor of tbe Dhlslon of Mincntlogj, contrlbutod about 1,00(1 
pamplileta relating to mlnemlogy anii klnilred subjects- Tbore Las also been 
Bcctired by purebnse from the o*(ate of Dr. WIIlLaiu H. Asbtiieaii a complete 
collect lf>D of biB wrltlngi^ to^tber tv-Jtb his maDUBcxlpt notes. 

ActnowledgTDcnts ore also dne to i>r, K. SebwntT^ JiFr. Wilfroa it. Os- 
guod, Dr. Ox P. Hay, nnd Dr. W» l\ Huy for colliK^lInns of publications ^blcJl 
they tmvo preseuteU- AddULons IniTo also boon received to Lbc WUllatti ^tuxiis 
collection and a s[i«cliLl bookpifttc enfimved for it Is noT?r being placed In the 
books. 


iTi tijc Aloeeum library tbero fife now ^^244 TolumM, !5ti,01<l tinb^nind papers^ 
nml 110 mannscrlptA. Tbe adilltlone during tbo year rouslstod of 2.0SO bookBi 
3,(tTl pamphlets, and 227 parts of Tohimea. Tliore were catalogniid books, 
1,400 Complete rolunies of pertodlcalB, ami 421^ l^mpblets. 

SpcclJil attention bus been glren to tbe preii^mtlon of volumes for binding, 
with tbo result that 1,7S3 books wore sent to the govemmont blinJery. 

Tbe number ef books^ period leal n, ntid pampliletB borrowed from tbe geuernl 
library amounted In Including &,000 which were ass^lgncd to the b«. 

tinnal libraries.. Tbls decs not liiclnde, however, the large DEimbor of books 
conanlttd In tho library but not withdrawn. 

The sectional libraries ctlabll^bed in the Museum have remained tbe Mime, 
tbo complete list now standIn^ ns followi: 


Administration, 
Admlnlfftrutlvo aA$l giant. 
Anthropology, 

Biology^ 

Birds; 

Botany. 

Com para ti vo anatomy. 
Editor. 

Ethnology. 

Ffflhw. 

Geology, 


History* 

Insects, 

Invertoliratc jmlieontel- 

ogyx 

Mammals. 

Marine Invertebniieat 
Materia modicar 
Menozolc fossils. 
Mineralogy, 

Molltiiks. 

Oriental arcbwolsgy. 


PalBeobotany, 

Parasites. 

Photography. 

Physical anthropology, 

Preblirtaric arch(Eology, 

KepHlirs. 

Superintendent 

Taildnnay* 

Technology, 


BCXKAIT or 4CCXSflta]Ilf, 

■Hie foliovlDff tahle iniiniaBrlzcs all the iio;t!.«lDUA duflnj; tbe yair except for 
the Hurmu of Amerfnui EUmolAit^. which le Eepamtely ndnilnlxteief); 

Smithsonian depoett Id the hlhrory of Ccmgreiie, includlnj; parta to cenn- 
plote seta—__________ 

Office, AstrophretMl OhHcrratotX. ^:attM^^l Zoolo^icnl Park, and Inter- 

national cxcbaogra ______ -j 

United States National Museum llbrary__*^_ _ _ _ ____ U, 57S 

Total -------—____ 29,720 

Respectfully Rubmlttnl 

pAUt BROCTCFTt. 

Astfiruitf Mbrurfan. 


Dr* CiiARnrs D. Waloott, 

Becrctarif of r^e Brnimonion 
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REPORT OX THE I>TEnXAT10XAL CATALCKlUB OF SCIENTIFIC 

LITEUATTRE. 

Six: I Ilivc ihp liOiior to SiibmJt the follntf luj^ npoPt on tb« oitemtloftN of tin. 
United Shitea of the iDtematlonnl Ci(*1oirio dC Setentmc UtntHfuTe 

ftir the flecnl yeop endlni; June 30, T{)0». 

Tic United Stntca Regional Bnmii Is ooe of tlio 32 rcglounl bnreans i»w 
wpenitlngr, tbrough n toncral bureau In London. In the prodiicUon of tlic 
International Cntalogue of SoleiUlUc LUenihire. Tbe aim of the enterprise 
ta to Index and elasif^ nil current piililislied scientjflc popere ami hr 
of IT annua) Tolnwea puhllih and distribute the data thus prepared to the 
tnriouB stibseribcrs to tbe catnlo«uc thpou^lioot the world. Tlie metliadB rai* 
ptored la IndexIne ftnd classifying cacti paper result In what Is practically 
an analytical dleeat of the subject of each paper, thla being accompltabed by 
aienns of nferemss to cInBalflcatlon acbediilM which are arranged to Include 
la nematic order each minute aubdlvlalen or aubject of nil the Tccognixed 
anturel end iibyolcel «lcnc«, Ttie regtoiial bureaus nre supported by the 
cottutries la which they are eotebltshod. tbna allowing mi fonds derived from 
anhscrlptlons to be used to dofray the acteul coat of printing und publlehlug 
The bnr«o in this country la supported hy a direct conffreuulonal spprepriaHML 

The atJotTDQut m n^ieBcnt fliical ymr ttbs $5,000. tlie same m for np?i1oiia 
jearm; tie imEnber of tfao BLiff hns mnnlned flic Borne, eamolt' five tiereona 
DiiHtii: the ymt tiam were 34.400 Hides cardB preimml by tJilB bu^ 

reflu uttd forwarded to Loudoti fti foHows: 


Literature 
Literature 
Litem tn re 
Litem tore 
Litem ture 
Litem lure 
riterature 
Literature 


of TflOl. 

of 


or 

of woi^ 
of im_ 
of IW)fl_ 
of 190T. 
of 


Total _____ _ 


133 

— 235 

373 

-- 309 

1.65C 
_ 4.410 

- 8,50!^ 

-IS, 731 


34,400 


thus showing sn Increase of B3S1. or over 20 per cenL There bos b«m an S 

^^ 1 ^^ olbw hurenus, for alnre ^o 

banning of tbe entorprlBe Ip iDOl the number of poges la the comblued^lT ™ 

First Issue_ 

Second issue. ___^ ‘- T,703 

Third Issue ____ 


Foartli fsane___ 

Fifth Irene_ 

Sixth Issue_-__ 

*0 


- S,838 

— fi.daa 

- fliCSl 

-10, 786 

-10.046 
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Tti? tiunib^T of cnrdi !?eikt from tbii rcf^lmitil bureau hnn IncreaR&rl m frilSowv: 


For flBcal ^r 3tWK>,.. _______ Cj. 5^10 

For flsail lOOli________14.4S0 

For mr 1WM____________ 21, 213 

Fur fb^cnl year .... _... „ „.____ ___ 24,1S2 

Ft]f 00cal ycBr 190G_ GOl 

For AbcdI year 1007______________ 2S, iJ20 

For fiscal year 1I30S_ 23.iS2S 

Fur Oseal your 1000_________ _ - . ______34,400 


SJiyiild tilts Increflpe coaitniie it won lit nM lanjcly to tbo ecort of publlcatlDcu 
and an llicre would Im; no addttiDD lo the receipts a dacldcd 

dedait wntiM n?sultH for the siih«crlt»tlon price to the catalri^ie, uumely, |S5 a 
year for 17 volumes wiis fixed on a imsts of tte size and cost of the first an- 
iiEjiil iHfiue, It appears not only de^lmbic, but nv&^smzj. to coudens# tbe refer- 
encea us math an poEgllfie, lliounh coodensatloe, without Idsh of tisefulnees, 
ueee&sitalea mneb irreater core on the part of the clusfllQor In preparing a dt- 
gesE, Tt can not Ek? holder] tliat mneb chauire In the present ttietliods can l» 
mnde without Incraaalait the force of the bureau. 

Tile foliowlD^-nomod tolnnies of the eatalo^n^ie were received and delEvereij 
to ptib^rlbcTF In thEs country, na folEewa: * 

Sixth Annua! Isstu?—Physics^ ChemRTtry, PaTreontoIopyp General Biology, 
Botany, Aothropolo^, Pliysiolciey, and Buctorlology. completing the Ikuc, 
Seventh Annual Issue—Mathematics, Meehanlca, Phyglcs, AstroDoniy, ^[tIler' 
flloi:y. Geology CeOifraphy, Palawan toTojryH Bud Zoology. 

Through the rcsignntlon of Dr, Cyrus Adler, aestatant Hccretary of tlie Rmlth- 
sonlnn Institution, who wea In chnrgc of tlie United States bmncJi of the liUor- 
nnUcmal Chtalogue, hoth this bureau and the orgunl^itEon ha a whole met wltJi 
a grmit loss, noEwItliHtatiding the fact that Doctor Adler atlll remulua one ef the 
nieinben? of the Intemutlomii Council the hotly rented with the sopreme con¬ 
trol of the catnlogue. Doctor Adler wng eloscly Identified with the work from 
the tlnie the orlgtnal wnys nnil means were being discussed, und It la not too 
mneh lo eay tbnt hnd It not Ikcon for his Intcrewt and elforta Mr, Ijingloy^ the 
]jte SiKrretary of the tu^ltntlum would not bavo aided the enLenwlEc as he did 
with the private funds of the Institution, Had net this aid been forthcoming 
at the tEmo tho whole undertaking weuld tiave faded, for cooperation on the 
part of tho United Stntes was cftseutJuU and, thia Rovernmont failing at first 
to lead Ita aid, there reaieiticd no other body thnn Llie ^Ithsonian In^itilntleu 
In p poaltioti to become resiwusihle for the work tn this country. 

It le felt that this rutentntinnal Catalogue of RqJentiflc Idterslnre Is hut a 
beginning of what will be eventually a grant cooiwmtive luteruntJonnl Indes amt 
diBtft of all records of human acbleveuicnt. There Is no <itic«tloii of the need 
for such a publication find, with the nifIsfacEoty beglniilng already mafic, It 
Is n queer ion of cost alone which llinlia the field of tlie preecac enterpriw to 
Inclodo only the literaluro of pure science to Uie exclusion of the extimslve und 
vnlnnhle lilcratureof the applied Bcletices and ottior technical IheratDre. 

Thcro have been no If^ of property dnrtng the year, exeopting those enusaj 
by ordinary wear and deteriorating. 

Ih tie fiimdiT ehii blH epproTCd iforcli 1. im. S0/»0 eppropHeie*] (0 

carry on the work for the fisoil year ending June 30. 3010. This sum is on to- 
crease of ^l.OOO over the ^pproprlalien for prevtons yearA 
BMpectfiiJly submlttoil. 

IjffOTCMn- C. <jtTJ«J«nLl-, 

Chief 4ti4tfanl, llifrcnu 0 / /nfcranlfonot 
Dr. CiiAir4m D. Walcott^ of Mdentiffc Litemture, 

afrcnTfary 0/ the ffn?lfAflOrtten InBUfution. 
driTIfi*—SM lEKlfl-0 















ATVWJt^lli VIIL 


RCTORT ON THE FOBLTCATIONS, 

^lA: I have tbc hxmoT to sobmlL tfao follurwlng report on tbQ pulillcDUou^ 
of tlie SmlBtwTilEin InstUotloa oxul Its lirfiniihes during Uio OBcnl fear eodtoj; 
jEinp 3D, 1£J04*: 

ThtvE ImTfl b™ dlitrlboiod n total of Ttit lolttines ond feiJnmtoa Id tbe series 
of BiulthEODiJin ContribDtloiiE to Kno^TcdigcJi 15J0S0 In tho series of SmltliBODlaD 
Miscellaneous ColledI oob, 22,001 Id the serleo of Smithsonian Annmil Reports, 
and 4,022 In the serloE of St^eclAl: ruhllentloniL In addition therein there were 
mni out by tbe lastltutlon I,S]3 puhlicatlomi not IucIueI^ Id Iho SmllhnoDhiti 
oerlHs making a ermnd total of ii deemiiRo of irpJ32 from the preTEona 

fear. The total number of letters rolatliig to pobllcatlona recelrcd amounted 
to 0,325^ nn LncmEe of 2S0 over the prevlons ymr, 

4 

I, RMmTEoxrA?! coATKiamoxa to iwowLraic. 

In the Bortea of SmtthffonlEfiD Coutrlhutions to KJldw30l1^^ there appeared 
during the fear no original pnpero. but there iraa piibllahM tn ^Sugust, to moel 
ttie IncreaslDg deoiand for the work, a reprint of Mr* Langley's memoir on 
Tlie Internal Work of tho Wliidn originally publtehed to 1803 tn quarto form 
as Nol SS4+ Smithsonian Contribatlonn to Knowlcdno. To the prewul Oilltlon 
was added as on nppondlx a traualatioti of the SolDtlon of a apodal case 
of the general problemp^ by R^nO do Snns^m which appeared In ll0>3 wllb 
"lyB Titi 1*011 Int^rlenr du Vent" In Heme do J'A'^ranatltlque Thforfgiie ot 
App]lqu^% Parlk imges SS-08L 

Jl. HilETQSQTflJLM UlOf^XLLASlIOOR COLUeOTIO^H, 

Jft the scries of ^nlTthsonlnn MIscellaneoua Ckinectloua, Volume Lll, there 
were pnlinshed 20 pepere In the quarterly issue, volume 5, r^irls 2 and 3 ; and 
In Uie iTfnileir serlra, Voliiiae XXXV, a fourtb rcrlBci) «dltlDD of Urn BmlUi- 
oonlun Physical Tablos by TfacmaB Omy: and In Volume LIII pf tl»e reenliu- 
owfos, 3 pnrers by Charlw D. Walcott, 

fn tbo Qunttorly tfisuo tlic follotFiTii; [npoco wore publlaltod: 

1)^3. StulthaoTiIan Miscellaneous GDliocttoD& Qiurtorty issao, Volmne 
part 2 (eonlalnise Sob. lSi4~lSS}), Octavo. Puces ISl-STfl, with Plates 

rx-jn'iir. 

1814, Tho Tfettelroth Oollectloa of InveHobiato Fossllo, By B, B. Basglcr. 
PubUsbed Bcjitenibcr 23, iWMw Octavo. Pa^ 121-1 [52; with Plates IX-XT, 

181G, A New Opontla from Arlsona. By J. X. Rose. Pabllabed October 8, 
1008, Octavp, Pape 153, wlUt Plate XII. 

181®. The Story of tbc DevlI-Fiab, Bj’ Tlieeaore Gtll. Publlshnl October JC^ 
1008. Octnvo, Pnges 155-180, 

1817. lodlstis of Ppm. By Charles C. Kbcrhnrdt, Amerlcsu consul at Tqnitps, 
Peru. Published October S4. 10O8, Octavo, Pages ISl-iM, witb Plates XIII, 
n_l\ 

1^8, On Opuntle Raala-Ritnp a ^peeica of Cnetuii of OronmmitaL Vnine. By 
Eo»p JiiHOClaleeuralur, division of planto, Unltod Stniw National ^luseuou 
Pubbshod DoKtnhcr 2&, RIOS, Octavo, Puges IGO; with Plate XW 
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IBIO, Two yew SpeciM of AhronlA. Bjr Antoo Belmerl, Cnlvcrally of VI»t»n« 
Austria. Pnbliehed Decaulmr 23.1006, Octaro. PflgC* 107,1«S. 

ISW. Pndlj&Innry Notiee of a Collection of Rceent CrlDOldS fwa tho Pbltlp' 
pine Tain lids. By Austlo Hobart Cinric, collaborator, dcparUiient of ioa rlne 
InTertCbratea, United StaiM Nntlonal Muecutn. publtBLed December 28, 1908. 
Octava, Pngeti lM^-234. 

TJje Rtflatloii of IllcJiitil RubIi to tho BmltUaotiiati liiitltutlon. 

Cyrii« Adler, Pul^rislicd JnTixmty 10. 190®. Octavo. Images m-251, with 
Plate XVI, 

iFKg . DcscTlptlones of Roane New Speclcm nnd a New Cctiiia Of American 
^roEquitcH?s. By Hflrrinc^R ih Dyar nnd Frederick Knab, of the Ignited StatoB 
Department of ARrEcnUiare* PublSsliPtl jFi&udr^ 1 % lOOQ. Fagses 

1R23, Notes to tJxTfirterly leane, Volmne 5> r^an 2- Octavo, Pases 20t-2T3, 
with notes XVIr, XVtit. 

1R0O, Snaltbaanlan SllBcellnncmiB miectlon^ Qtiotterly Issue, Volume ^ 
part 3 {conlBlnlug No*. lS0l-lSOa), Octavo, Pneofl 2T7-^01, with Plates XIX-- 
XXX VfL 

1501. Th^ ATchcr-FIsh and Its Feats, By Tbwklore GIIL PubllsLea March 
25, 1900, Oetavm Pogcfl 277-2fi<), 

1502, Tlie Peoples of Formosa, By Jalean TL Amolrl, Auierlcan consol to 
Formosa. PahUBhed itftrcli 25. 1000, Oc^avo, Pogoa 2SI-^S03. with Plates 
XIX^XXII, 

1^, Oiir Present Knowledeo of Canal EayP: A BetaLled Elbllography. By 
Gordon Scott Fnlther, Pobll^ihed March 25, 1000, Octavo, Pages 29CS^2l, 
mUr Observations on Llvlnj; While Whales (Delphinnptertjs I^cas); wSth 
n Note on the Dentition of Dclphbni^iteru* ami Stenodelphls. By Fredefick W, 
Tmc, head cnvnlor of blolG^P United Slates National Museum, Pubttflhed 
April 25, 1009, Octava Puces 325-3SO. with Plato XXIII. 

1065. Sonic Beiictkt CoDtrlbntmnB to Ouf Kuowledge of the Sum Ha mil ton 
Lecture. By George IL Ilnie, dEreclor of solnr observotory of Cameglo InstL 
tntloti of WflBliIngton, at Monnt WUftofi* Callfonjla, PubllBbed May B, 1900, 
Octavo. Pages 331-300p with Plates XXIV-XXXVL 
ISOCS. Rome New South American land Rbclls. By Will him fi. Dali* ettmtor* 
divJs^loti of molluskB, United States National Museum. Pubn^ilied May 11» 
1000, Octavo, 3^-304^ with Plate XXXVLL 

1S0J. The Atneiican Ferns of the Group of Drycpterls Opposlta enntnlnod In 
the United State* Nat tonal ^fusoum. By Carl Chrlstonseu* Copenbagea. in 
ProfiSL Octovo, Pages 3ct3-380„ 

1S6S, Notes to Quarterly laausi. Volume 7 ^ part 3. OctatOn Psjpcs 307-SO0, 
In the regular serica of SnilthBontoii Mlscella neons CollecUops Gie follow tug 
have been published: 

1038. Smlthsohlaii Physical Table*. Fourth revised edition. By TboiwaB 
Gray* Octnva I'agOft skit, 301, Part of Volttmo XXXV, 

In iiiiw edition, publlsbed on nccouiit of Ihe Lacreased domantl for the tables^ 
Profesaor Gnij made a few correctIcms, partlcalarly La the tahlee of equivalents 
of metric and British Imperial weights and measures, which were hero brought 
up to datcL 

1810. Cambrian Geoloi?y fl&d Paleontology. No, S, Cambrian BrachJopoda: 

DeAcrlptlons of Now Genera and .Spedes, By Charles D, Wftlcott. Published 

Octoboc 1, 1908, Octavo, Pages 53-13*. with plntOfi +-10. Pftit of Yolnmc 

LIIL 

1811, Catnbrlau Geologj nod PalDoatalogy. No. 4* Onssldcatlon nnd Ter¬ 
minology of the Cambrlnu Bracblapoda. By Charles D, Walcott, Puhllshsd 

October 13^ 1003. Octavo. Pages i:s&-ld5p with plates 11, 12, Part of Vob 
utne IJII* 


u 
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JSli CtunbrJl&ii GcolPey ftcd Paleoatology. No, fi, CambrSaa SeetioDH of tbe 
Cor^Ulenn Am. By €tiar3o$ D* Walcott FublUlioiJ Decfiiobor 10, lOOE. 
Octavo, ragoa 16T-2^. witb o>otea 13-22. Fart of Volocke UIIp 

Ftibtloatloofi numbifrea ISIO, iSll* anij 1S12 wore In conllnimtlDu of tlio 
studies of CanibrlRii GoolOgy fitui Fflto<nilolo^H by Clvnrlos Walcott tbo 
series of wlilcb began witii Nos. find 1305, Nomeaelaturc of S<»Eiie t::WbrSaii 
Cordllloraii Formations and Cambrian Trilobltea^ 

Tbeurc i^re Id jirRsa Iti the roirolar wrlea bt &inlibs»xiliia Ml^^eellfipootia Col- 
leetloiiB nt the cloec of ttie fiscal ywir, pobltcfltton Na. ISOa, Tbc Mecbanicfi of 
tbe Eartb's Atmosphere (a coUt^tlon of truttsdntloiiH), second collection, by 
Cleveland Abbe, nnfl No, 1S70 l Laniioifirfes of Botanical History^ I^rt 1, by 
Dt IMward 1* Greene. Tljero were In mfiousctlpt fortn, aiiprovod for publl- 
eatEoii, a Bibnojjrapliy of llio Ocearrenee aD4 Diptrlbot Ion of Tlii» by Frarib U 
aad Eva Hess, and a BlbHogmpby of Aoroaautlcni by Pan I HrecJ^eltt assistant 
librarian of tbe Eofitltotion. 

111. ni{iTfiso!vua A^cauAi. uremra. 

The Annnnl Report for 1&07 was largely In typo at the beginning of the flaml 
year, bat owing principally to n delay In the senirliiE of paper the rcywDrt was 
not finally piibllabed until late In tlie ffiU: 

1S24, Annual Report of tbc BtianJ of Rogcnljj of tlie Smlllwnlnn InslEtntton. 
showing tlio opomtinnii, axpafidllnn^ and condition o( iho Instilutlon for tbo 
yrar ending Jane 30^ IDOT. Octavo, Pogofi Ivtl, T33, with plates. 

The foltiiwlbg papers^ Included In the Anniinl Report of the BoarJ of 
fuf 1007, and eutunctiiled In the reijort on pabllcatlCDO far IIMIS, w'cr& Issued 
separately Lit t^^mpbiet form: 

1325. Proceeding^ of Banrd of Rcgenia for the year endlDg June 30, iMT. 
He|H>rL of Executive Committee, AetB and Sesolutionfi of Ccngtefij!, Octavo, 
jcl-lvll 

Tin? ^team Turbine on Land and Sca, By Hon. Charles A. rEirsanit 
C. B>+ A.> H, P, IL S,, M. It. I. Octai’A Pages 00-11^ with S plateA 

132T, Tbu iJeveloiimctife of Hlecbanlcnl Cotupo^ltloii In rrlntlag. By Brof, A. 
Tnrpaln, Uni varsity n£ Polticrt, Octavo. Pages 113-12», with 3 plntea, 

1623. Borne Facta and ProbletDi* Bearing on iaectrlc Trunk Line Opcratlom 
By Frank J. BpragDA Octavo- Pages 131-151, wMh 1 plates, 

1S2D, Recent CcrntrlbutlobA to Electric Wsve Telegraphy. By ProL J, A 
Fletnlug, M. A. D, Sc^ F, lt_ s., M, R. I., Fcndar profesiot of electrical engineer^ 
idg In the University of Ix^tidcm. Octavo. Pages H53-ia3. 

1830. On the Propcrtlefl and Natures of Various Electric Radlatlanft. By 
\W IL Bruj^, M. A** F. IL S-p elder profeBsor of mathematlca and physics tn the 
UnlverMiiy of Adelaide. OctEvo, Pagoa 196-214. 

IS3L PrOgre^a In Electro-Metallurgy. By John B. C. Kershaw, Octavo. 
F^Kea £16-2510, with 10 platee. 

1532, Advances In Color Bbolcgmpby. By Thomna W, Bbilltle, P. R. P, S. 
Octavo. Pages 231-^, with 1 plate. 

1533. The Stmeture of Llppiuanti Hellochrotnea. By S. R. Cajal. Octava, 
Pages 23l>-£n9, 

1SS4. Bron:^ In Soaifa Americft tsefore the Arrival of the Enropeana. By 
Adrien do MerllBct. honororj^ president of the Socl6t6 PrfhlstoTlouo de France 
Octavo. Pages 2Cl-2efi. 

I836v Some Opportunttlea for Astranomlcal Work with InoyiitiiBlve Aprmm- 
ttiSb By Prof, George L. Halc;, director of the Mount Wilson Solar ObBcrvatopy 
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df the Cftrtnjgte Insil tut foil WashSuetoni, Octnvo. witij A 

[vlntcs. 

iJSaa The PtoEfW of S4:lenw as Illu^raloU bj the DoveJoinuoiit of Uoleor- 
ology. Fty Cle^'olafitl Abbe. Octavo- S!St-30i>* 

1837- Gcolojer of the laacr EartlL— Isneoiiw Ofte Bj t^rof. J* Ont'^iory, 
P- Sc-p F- n. S. Octavo, pages 311-330. 

IS^ The Sialtoa Hea, By F. H+ NevecJJ* Director Ualted KocJautAtlaa 

Service- Octavo, Pages S31-31B, with & platoa^ 

1S33- Inland Waterwaja. By George G. Chlsholiii- Ocravo. Piifra 34T-ST0. 

1S4D. I'he Present Position of Paleozoic Botany^ By D- H- 8cott F- R. 
latcry hontifarj- kee|>er of the Jodrcll LuLjoraltii>-, Royal Botanic Gardens; Kcw. 
Octavo^ L^igkjis 371-40C, with 2 (ildti^. 

1S4T. Tbi? s:oologlcal Gardeuo and lirtahllsdmie.nls of Great BrltaLn* Belgluiiip 
and the XeLherlands. By Gustavo I/ilaol, director of the PatKimtory of Gimeral 
Embryologi’ at tlio Sclionl c»f iTimtes £tiidL^ prtsfv^aor of scooUigy In the aecond- 
arj- course* of the Sf^rlmnn*-, Pnrh'. Octavo^ Pagnt 407^43, with S t>taies- 

1S42L 8ystcmnt[c /-Ooloa^v: 11s Vm^tvisB and Puriwee. By Xhoodure GBh 
Octavo- Fagea 44&-471^ with 14 [dates. 

3SJ3t The Gencaloglraf History of tljo Martoo ilatuniiits, Liy Prof, AbeU 
Octavo. I^ges 47a--J[>fi. 

3S44. The Medltiirratnhsii PeopU'S- By Theobuld Flifcher, rnlveraity of Mar¬ 
burg. Octavo- Pages 4D7-fi£L 

1845. PreLlstoric Japan. By Hr. E* Bnel^ 1876-1002, professor luiiierlal 
JapaucTse UnUensiiy of Tokyo. OcLiivo- Pages r23-fi4T+ with 2 [dates. 

1846. The OrlKlh of Egyptian GLvUlzatloa. By Edouard NovHie, D. C. 

LL. H.. etc. Octavo, l^gea EH0-C64. 

1S4T. The Fire Plshnu Uy lleory Balfour, M, A-, curator of Pitt-Rlvcre 
Sduseiim, Oxford. Octavo* Pag™ h6^SB3t with A plalaL 

1348. The Orlglft of the OntiauUe Alphahvd. By Fraax Praetorluo. Octavo, 
Pages J50r#-(104- 

ISIJ)- Tliree Araiimk- l^a.|jyrl from EJepliuuttne, E 4 fytd. By Prof. P^uard 
Sachau. Octavou Pages GOS-611, with 2 plates. 

ISTpO. The Problem of Color Vision. By John \U Dane* Octavo, Pages 
Bl 3-4525. 

1^1. luimiialiy la TuhercutCi^d^^. By Simon Flex tier, M. D., Bochefeil^r Ihsth 
tutc for MeclEcat Reseoreb^ New York City. Octavo. Pages 627-04rn- 

1S52L The Air Of the New York Subway PrEor to 1906. By George A. Soper. 
Octave, Pages 0*17-4307. 

IS^. Morce]La Berthelot. By Camllie Mailgnen^ profe6;^r of mineml ehem- 
iBtry at the CuH^o de France; former aBalsdant professor to t>ertlielol at the 
Cnlli^ de Fmnee. Octavo* Pages 60D-6S4* with 1 plate. 

1354, IdunnHin ^rcjnorbil Address, By Edward L. Greene. Octavo. Pngea 
6S5-V0O. with 1 Plato. 

The Jte|v»rt of the Executive Committee and ProceedStigs of Ibo Boanl of 
Begents of the Iuptltiatlon, as well aa tho Re|urt nf the Secretary for the flecal 
year onding Jane 30. tOO^ htJth forming jiart of the Annual Report of the 
Boaitl of Uepenta to Couatea^ were printed In pnoiphlet form and publlebed at 
the December meeting of the Board of Regents, as follower 

1855. Report of the Eieeutivc Commllloe and FToceedlogfl of ihe Board of 
Bcgei 4 ts of the Smithsonlaa XustitutlDn for the year ending June 3Dp 1908^ 
Octavo. Pages 3^i3L 

1856. Report of the Secretary of the SmlthBonlna Institution for the year 
ending June 30, llM^. Octavo. FUges Hip SB. 
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Tlip freAtcr pari o/ tha StulthsoQlaa Hoport for ItK>3 was In tjrpc nt Uic dow 
of tlii^ EscaL ^CHT. The Oeneral Apiicnillx coatnlns Lbc fnUowIri^ jajienf 

Hie Present Stntne of MUltnrj Aemnaaticfi. Bj MaJk tieorge Oi Sqnlcr^ 
V. Army. 

ATlaLEon In PratK* In IftOS. By Florrc-Ro^r Jourdaln. 

Wirelcfm Te3ef>liODy^ Bj A+^ Fonaetulcn* 

Fliatotele^pby* By Henri Armngnot. 

Th& GniiiHtpbQne anil the ^lechnslCRl Heeardlng and Eeproduet^on of Musical 
fioundB. By lOioll N. Ecddle. 

On the Thrown by Becent Inveetlgntlcin on ElectricJly on the Eelntlon 
between Matter and Ether. By J. Jp Thomson. 

Davelonmcul of General and Physical Chcailstry During the Last Forty Tearfli 
By NornsL 

Developmcat of Todmologicnt Chemistry Dtirlng the tnOet Forty Tears, By 
O. N. Wilt 

'Twenty Yt^ara' Fft^neas In BspIosIth), By Oscar Giattizuiiin. 

Bjocent JlasKirch In the Structure of the DnlTerse. By J, CL Knpteyn. 

SoloF Vortices and Magnethini to Sun Spota, By G. G. Abbot. 

Clhnallc VftrifillotiA Their Extent and CAnSes. By J* W. Orcuary. 

Ucaaltim and UeoloEy* By John Jolyi 

An OijtJIae Review of the GeoloRy of Peru, By George I- Adatno. 

Cor Presetit Ktiowiedge of tbe Earth. By I'l Wicchert. 

The Antarctic Cueailom By 3* Mnehnt 

SoEue CeogtapblcA] As^iectM of the Kile+ By Cnpt. H. G. lyortB. 

Herodliy imd the Origin of SpeeJea. By Dnniel Trembly ^InuDougah 

CdebieeaG of Northeastern and Central MexicOp toj^ther with a Synopsis of 
the Frlodpeit &[ex|eaa Genera. By ’miTIam Edwin Safford. 

Angler FIsbeflt their KlnJs and Waya. By Theodore Gill. 

The Birds of India. By DoiigJiiE Dewars 

The Ecolullon of the Eleplmnt By Rtehnrd S. Lull. 

ExcETaDons at Boghajs-Koul In lio Suiumer of 1(C7. By nugo Wlnokler and 
O. PuehstelrL 

llaJarla hi Greoee. By Ronald Rosa. 

Qirl von LLnn^ m n Oooioplat. By O- NathoreL 

Ufe and Work of liOrd Keklnn By Sylranua P. Thompson. 

The Work nf Honrf Becfiuerel. By Andr£ Broca. 

Owing to iho unitfltttij demand for the imper. there wna published In Marrh 
n reprint of numbor YOSa, P^irental Care among FrwgOj water Flsheip by Theo¬ 
dore GilL which appeared nrlglnalfy to the Annilnl Report of Uio Board of 
Regenia for 100& 

IT. ineiAL eeatiTCATtasa. 

Five Special pnbilcatlona were Isaoed dnrlns the year, ns follawa: 

ISO'S. Cntalog^je of the Botanical Library of John Donnell Smithy presented In 
1905 to the Smithsonian Institution. Complied by AJIoa Oiry Atwood. Im- 
perinl octavo. Pages 0^. 

The calalogne was printed In an editlftn of 200 copies an OM Stratford paper. 
Imperial 1 octavo size, from the original atereoEype pin tea used In Its first publi¬ 
cation hy the Natiunal Musemtj as Port I of VoTiune XII of Omlrlbutloiifl from 
the National Herbarium^ 

1S09. Researches uiid Experimentfl In Acrlnl XsTlgatlon. By g. p, Langley. 
Reprinted from the Smltheoalnn Reports for im. pages with 1 plates 

1900, poE^ 197-^213. with e plates: llMl, pages B49-e&0, with t plates: iW 
pages 113^123, with 1 plate. Octnm 
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*Th^ occfisiM ffcjr this rcprtnt uf MS’, Ijiiiglty'a jiapereK wblcli was* Ln 

Ali^st. (s BtiilLHl in tJie Intraductmn. Tb^ artLi^leii wore as foWovrsl 

L Story of KxtM'rlnietitij in MachcLnSeii] Fliitbt. Hy Satniiol E^NrjKiui, Lung!:- 
\vy^ Frtiui the HaiiUiannlati for ISiVT, [raises ItJfhlSi iwUh 1*1. 1)^ 

PublieliCHl DTigLnally Id the Aia^^iuiiitlflil Annual, ISS^T. 

|Th Tbo iJiugley Aorwlromt?, Frotn tbe ^oiIthBaiilan Roj^ort for ]&00, pnijca 
107-21 & (with Pla I-V[>. ^rbrldged from an nrtJeSn publlabod orlgf- 

luiHy In l^IagDzlne, Juno, 

ni. Ttio Gr^t4iiJt FJylng Cr^ailun.^ By S- l\ (minMlnoIng a p(i|Jor 

by F. A. From tlio SculthBOnhiii H^tori for 1^1+ imgna fl40-S50 (wltn 

PJs, t-Vtl)* 

l\\ Exiierlnwiita wHb the f^ongloy Aorodromo. By S. P. T4iDeioy+ From tliu 
SniKtbt^oiiliin lU'f^ri for 15J04^ iwitrefl 113^ 12S (with Bl, 1)- 

1S5S, CtKnIribiUloiss to the Life Iflstorlcs of Fixities. By Tiieodore GUI* 
VoliiDip L ItKH-lOOi* Reprints from Bmlrhsoninn MlscpIlaDeoaa CoMcoIIod^ 
Smltbfioiiliin AniiUial ReiHirt, aiul ProccctMiiga Dnlted Slates Xatlona] Moehmihu 
O ctavo. S23 (x^gimtilon as Ln orJgLiuils)^ witb 23 plates (nmubcred as 

La originals). 

The contents of tlilB voLumo Is m follows: 

r, A Iteiiinlivable Genus of Flsbes—tlio Unibrns, April 11, IGtU* Sinttba. 
ailsc. Call., Vo3. 15, Xo. 1453. 

11, Tbs Seulplii nnd Its llalilts* JailUaty 31* ^mltlia MIsc- QolL, Vol. 

4T,. Xo, 1532. 

IIL The Life History of the Aaglor. aiay 1005. SnUths. SHsc. Colh, VoL 
47. No. 1S430- 

IV. The Tarticm and l^idy-dsb and tlmlr Relations. May 13^ HKKj. Smiths. 
Mtw. Coll., Val 48, Nol 1570. 

T* The T4fe Hislory of the S«i-horse. Jnly 0, 1005, Proc, B. §. Xah ^Las., 
Vol 28. Xo. 1403. 

VL The Family of FyprInLds nnd the Carp as Sts Type, getdembtr 3, IDOBu 
Smiths. Sllse. ColL, Val 48, Xo. ISOl. 

YTT, Plying Fishes and their HabRsL October 6, 1005, RetK Smiths. InSU 
ltKl4, No, 13201 

Vin* FnreisiBl C:ife nmotiE Fresh-water I-'lHliea* Jan nary 21, 1007. Rep. 
SiHlihs, Inst., im Xo. itm 

IX* Some Noteworlby Kutra-Fiiropean Cyprlnlds. Fehrurtry -1, 1907. Smiths 
aiJ^v ColU Val, 43, No. 1002, 

X. life Histories of TnadttRhes (Batmeholdida) c<mi|tared with tho*o of 
B^eovsrs (Tniehlnlds) and lltargniers (Umno«coplds>* >lay 4^ lOOT. 
Smltba Mlsc. Coll., YOl. 4S, Xo- 1607. 

1859. Classified IJst of Smtth^ulan PijbllcatlGins Available for Dlsttibntlon 
March. 1009. Octavo. Pnges? ^f9. 

1371. ^njhhsoiilaii AFnlhemiillcnl Tables. HytK-^rbaJlc FtmctlonBL Prepurod 
by George F. R^ker and C- B- Van OratmnA OetnTO. Pages It 321. 

The ndverltBemont explains the purpose and iscope of this roblleatlDD: 

Among the early piibllcaynnH of the Smitboonlan Institution was a very 
Important volume of meteorDlaglcal tables by Dr. Arnold Gnyot They were 
so widely used by geographers nod physicists, us well as by moleorologlats, 
that when tho fourth ediyon was exbauBfed It was decided to recast the eatlro 
work and publlBh three separate volnmes—Meteorological Table®, Ceograpblcal 
Tables, uad Phyalcnl Tobies—each of whLiCb have now passed through aevontl 
edltlona 

In the applientlon of the data of these volumes to the study of niitumt phe- 
Domima certain mathematlcaL tables b^de those Included In urdlnary tables 
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of loe^irltbrnH are un^utlj- neoJal Ld order to Sfite recurrent computatSOfi on the 
p.-irL d£ observers Dnd loveaUeatora- It wna tlierofore decided to publlAb tba 
volume of Alutbeaiotlml Tjiblea on * Hypeii>oMc funclLonB/ 

" Hyperbolle fuiictlous uro vjstrvmely useful !□ cTery bmucli of liurc pbyrSve 
und In tbe applIcmUou of wLeLlifir to obBervutlobOl oml e^cjjH^irliueottil 

flclooees or to tecbuolo^. Thu^« whonerer 4in entity {sueb as llijlit* velocliy^ 
€*lifetrlettyf or rnd.louetlvlty> bs unbiect to grbdufll eitluellon or sibisondloa the 
doeny ta reprewcited by muiL^ form of Hyiserbollc functloni^ ^tercbtor'ii 
JeutloQ is likewise computed by HyiierboUo ftinctlona* WlieDever mccbeiilcsil 
slrnlnfl lire re^nrded as great cuoiigb to be mou^tired they are m^t sluilily 
o^pfiirK&ed In terms of llyperbolSc funetlons. Heuco i^^etilogleal deformnllons 
ttifiirlably iKSd to such oi|jrosslou, nnd it ts for tbnt rtwitoti Ibut Messrs. Buekor 
aad V'an Onstmud^ who are In cbiir^e of the physical work of I ho United Staliai 
GookoglcaJ Survey^ bavo been led to pro[jjiro tills volume.'’ 

v, prai«ic4iTTo?fs or-niE D.tiTi& statis ratios An 

Tbo pabllmtisna of the >'attoniil Mo^iitn are: l^be annual reinirt, form^ 

log n sepanjte volume of lUo Heport to Oon^reos by ilui Heard of Hegeuts of 
tho Snilthsonlnn lEkStUulioii; (tO 'The PrEK^ectllkij^ of tJie Unktotl ^tnteA NntlonnI 
Museum ; (c) Tho Bulletin of ihe UbtttN:| States Katlonal Museum ; oud (f/> tho 
Odutrlbutlidns from tbc United £>liitois NntloniLl lierhiirluin. 'llbe eiBtonshlp of 
dicse pulilLeatkouEi Ls lu eLmtife of Dr^ ^lureus Bi£ii>atuln^ 

Tlis publlcntlous Essned during the year am ejiiiieemtL^ In tbe Report on 
the Xntlonnl l^luseam. Tbese Includofl Vnleme XXXIof ibo Frr»ceedliien, 
mntaliilug Mu^um papers numbeml lOlD to IftSO: Voluiiw XXKV, impers 
numberitl H331 to liKB: nud Volume XXX^ I, papara numberHl ICCO to 
Three hultctlns were Issued : 

(52. Catalogue of the Type 8E)ecitncDS of Mammals In tbe UnLted States Xa- 
Uonal MuseuniH LnelmUng tbe Biological Survey C>>llectlanp By Marcus W&Pl 
Lyon and WlLfml U. OsirDod, 

03. A Maiiogrnpblc Revlaloa of tbu Coleopleta belonging to the Teacbrlcinldic 
Trllie Eleodllnt Inluibltlug tbe United States^ X^wer Caltforula, and Ad^faceut 
Islands. By Frank F, Blub^eU, sr. 

flrl. A Critical Summary of Troovru UnpublMbed Manuscript on the CtluotdB 
of Teunessec.^ By Hlvlm Wood. 

In l±ie series of Contributions from tbe United Staley XatEonat Herbarium 
there nppeaml: 

Volume XIJh part 4. Tbc Mexican and Ccutrnl AmcTlcun Species et Snplum, 
by Henry Pit Her; Volume XLI, part fir Xow or Xotewnrtby Planta from CoTouir 
bla and Central AmefEcftr by Henry Pittier; Volume Xll. part d. CfilaluKue of 
the Grasses of Cuho, by A. S. nitcbcoet; Volume XTl, imrl T, Sitndba of :^Texl- 
can and Central American Planta, Xa 6. by J. X* Ro«e; Volnme XH. part Sk 
T be Allionaceie of the Uoited Slates, wltb notea on ^fexlcan Species, by Paul C. 
StandEey; Vetume XJI. parE % Mlsoeilaucotia Pape™, by J. N. Rn&e, X. L. 
Britton, and WiJliam aiaion; nnd Yalume XIIU part 1. Studies of Tropical 
Atnericuu Ferno, Xa 2, by WlHiam Maxon. 

Wt. FITDLICATIONI aw tTTB nOlEAD OT AHmCAM aruxotioaTr 

The publlcntlona of tbe bureau are dlecussed lu detull In anotber appendix 
of fbe Secretary's rerion. The editorial work la In cbnrge of Mr, J, G, Gurley. 
The Twenty^Ertslb AuuuAl RejK>ri wns leaned dnrliig tbe summer, together with 
the uaunl number of tettarutes of the aecomi^nnylug tmpera, and nlso Bullotlus 
34, PhysloJeglcal aud Medical Observations ^Iniong the IndUiua of Soutbweatem 
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StHtM ftnd Xortbera Mexico, by AleS and 42, Tuberculosis 

Amons CerEaEn lndiBn Tribes* by AJofi FlrdlKFfcu. At the ctoae of the fiscal j-enr 
there were lurei^ly lu t*r tbe hhiderj- the Tweiily-siivoutli Anuijal Kei»rr, 
UDd BuHetlns SS, 30^ 40^ port 1, 41 > 43^ 43, nod 47, 

VII. l-Ub£.iejlT10IVi OF Tna SU lTIIII«?ri4?t A|ITK 0 FII¥!H CiL O&mrATDAT. 

As nil ncldeiMhi lo the Animts of thn SmUlisoalBn Ai^CtoEabysIml Observotory, 
Voliuiie El, Jt flborl Dote on tte HofleclliiB' Power Cloudi l^ued, ns 
follewi!: 

173&0. Note on the EcfledSne Pwer of Clouds. By d il. Abbot ami F. B, 
Fowle, Jr. < Adc]em1li to AnnaLs of the jlJitropliyaJciil ObBervalury, Ktuitlifionlnu 
Institution, VoL ILJ Octavo. Fh^ 3. 

viir. KcroBTT OF THx AUMmtCiii ][istc«io«i^ axbociatio^. 

Votmiies T and II of the Atintwl fteiwrt of the .imerS^fin HtBlorlcfll AmocIu- 
tlon for the by Inw aF|iruvea ami commijnlrflled to GoiLgn^eBs by Uib 

BeiTcUiry of tlie SiultlisoiLluu luBtlLutloiit were publlabcd \n Angioet, Isi^OS^ 

Volunje i contfliCLOtl the foUowin^: UeiHirt oC ProceedtUEs of I'tovldeneo 
Moettntv by Chnrlea H. Haskins; Report of Fruceedlnga of PficEfkr Coairt Bmneh, 
by aim F^miiiii; The Hermtaa^ouey oC the Twelfth Ctaturr. by D, C. Miinroj A 
aioEllieraL llumaiilst, by H. O. THylor; Report of Conference on Tcncbln^ of 
HEfltory io hy J. A, Jumos; Report of Conference ou History tn Col- 

IcfTPi hy Max t^nrmud; Third He^wrt of Conference on State and LtHDal Hlis^ 
toricnl SocleiteJi, by F. U. Severance; Coietiarlaoii of Ylrglnla Cutnifcany with 
Other Rugllsh Tr^Eibn^ Cotupr^nles, by Siismti SL Klneabury: The CoEonlaS Policy 
of Great Britain, tiy G. H Beer; Wllllain Feoh. by Edward ChiinnlD^; .Somfl 
Asiiects of the (Cnj;IEftb Bill for the Adml^on of Kansas, by F, H. Hodder; 
The Attitude of TtinddeuH Stevena Toward the Conduct of the Ctrll War, by 
J. A. Wooilhurti; History of Inillhn Coosohdatioii West of tho Mlsalsslppl, hy 
AJinic II. AbcL 

Volume II conifllnod the Seventh Heport of the Public Archives CommlEsion, 
with dlReuKslons of the following HnbJetlB: SumniREy of present Mtate of legla- 
lallot) of Htatea and Terri torlos relative to the custody iind supervision of 
tho public rccoriLa, by Robert T. Swan; pnblEe arebtvea of Arltan^i^ by Jabn 
Hnnh toyiiold^; public npchlves of €<mnectlcut+ by N. r. Mend; state aud couniy 
nrchlvcs of ttelawiirii, by Edgar DnwiJon; state archive* of Flnrlda^ by David 
T. Thomna; arcldve* of Augnuitn. Ga,* and of Richmond County, by JulJii A- 
Fllsch; state nrcblves of Ohio and of Ross Contity', by R- C- Stevenson; local 
arublvesof Tennessee, by SL Cieori^ Slou^t; blhUOKmphy of public archives 
of the tlilrtCi^n Drtgimil States to ITSD. by Adelaye R. Hni^. 

The mnnuscrlpt of Volnmea 1 nnd Tl of the Annual ReiKsrt for 19()i waa aent 
to the Public Printer iJepteiuber KJp lOOS, but the work had not been published 
nt the clnae of the flecnl year. The manuscript of Volume I for 1003 was tmiaa- 
tuJtted on June 17, 1000^ 

IE. MzFOHt or TUI isAPqiiTxiui or rum luiaieax UEVOLimoH. 

The Eleventh Report of the DiiugUiers of tho AiucrEcau Revolution was re¬ 
ceived from the soelety in necordance with seeGnu 3 of tbe act of IncarpomtioEi, 
which rends thut ^sald society sbalE nejKjrt nunually to the Secretary of the 
SmlthBOTitaa Inatltutlou coneemlug It* proceedlnga, nud ntid Secrctarj ahaU 
communicate lo Congresa such portion* thereof n* he may deem of national 
Interest and Imiwiitance,” After revision the report was coxmnuolCQted to 
Gongresa ou June 1, 180lil+ 


so 4 ^»trALi XilPOGT EHITBSOl^TASr lUSSTlTUTIOH, 1900 . 

X. tfurTuaasriAH ju^yikiiii CDMmrm rxi^iu afp rLni4C4rici!i. 

ThB editor turn uotittotied to aen^e art aeereiaty of tbe ^mHbaunlan ndrleory 
c4Qiii]Ette& oti }idt]tln£ aisd ptibllcatlon. To thiai coDiDiittoo lirtve tnjfwed 
tbe manufiiCTrpte i>roiK>^ for putincatlon tbe vortoufl brnticUea of Ute tostl- 
tatlmi as well an tlioOB offetod for prlotlog In tbo Qtuirterly iRde of tb« 
amltbMHiInn Mincollttncoiin ColleeUntin. 

Upon tlio renlguatlon of Dr. Gyros Adler, chairman of the comnilttoe, aa 
oBBiRtacI: secretary of tbe InstltoUon, the Secrelmry del Oclolicr 21 reorganized 
the eonLmlttee ns follows: Dr. Prederlclc W, Tme^ cMLmum; nnd Mes£rs^ Op Q- 
Abbot, Wp I, Adams, Frank Baer, A. Howard Clark* r. W, Hndflo, Ods T. 
MnsoDp George Pp UnirllJ. nnd Loonlmrd ^tojneger. At tbo ancua tlttve the Mn- 
senm advlnory cotumUtee oa prfntiOK and pobllciitinn was dlec4iitEnu:€d and the 
re!q)onslblJldes thnmtofore devolving upon it were traiiEferred to the Smith' 
aoalMn cotumlttee. 

Twenty-Seven meetlnn?f were beld during tho ytEor and 110 papem and d 
printed forint were refxikrted nn. 

XX. rutss lAbaruera or FUBueATxoYS. 

Althonsh the pressure of routine editnrlnl work claimed most of the time 
of the editorial stall, obatmeta of a noniher of the mate populmT luihUcatlDnip 
ofl well ns articles on the work of the Isstitutinti nnd its branches, were filr' 
ELlabed to a largo number of newspapem^ tn eoutlnnanee of the policy Luau' 
gnrated In March., 1907. 

Be8[HctfaUy submitted. 

A. Howjum fTditor* 

Dr. CfiARtya D. Walcott, 

JSrereturv of the SmltAtoafan ihAtlfgHoii. 


Anm^nTi 

BEFORT ON Ar*ASKA^YTTKON-PAClFrC lOCPOSITION. 

Srs: I bavo the honor to mhmM the folIowloB roport of the parties no 

the- SmlUiBonlon iTKrtHutloTi an4 National Mosoiim Ib the ASaBfea-Yukon-reicLflc 
ExpoeltloQ at Wnfihllitftoa s 

The net of COdetoss approved Max 27. 1905. fliithorlElni: afl oihlblt by the 
depflrttni'Ots aod ImroaitB of tbo Govemment at the AlaEfca^YtlliOdi-PnclIlc Espo- 
sJtlon iipproprlaled tho bobi of $1^00,000, to be espeadod uoder the dIrectloB of 
Use tfalted Stnleei Oovemtoent hoartl of mannHer^ composed of three perfiobB 
In tha otoptof of the Covemment owe to bo desiKOated by the Proaldent at 
cbnlrmai]. ntid one oa secretary and dlebsitalnp ofHcer, This bontd was chnrfied 
B-tth the selection, pnrcbnse, proiaratlob, trauBportHtJonp amtiiRemeatp safen 
keep!ait. eihn 3 ltlon, and roUirb of anch nrtlcles and nmloriala ns the biaida of 
the aei'oral depnrttnewta and Swr^iary ol the RiuithHOblao InaUtTitloo, respec¬ 
tively + fiboold decide to bo embodied In the j^ovemmont dhlbll thm aathoiv 
Ized. Ttiere vi'as alw appropriated the Hiim of In bo oipondci.t tiador 

the direction of Uio Secretary of the Interior, to nld the people of the district 
of Alaska a ad the Territory of Hawaii In prosidlaff and matutaLalng appro* 
prlnto aiul creditable exhibits of the products and reBonrcea of Alaska and 
Hawalh and ¥^.000 was appropriated, to bn espeoded under the ^retary of 
Wnr. to nSd the jirople of the PhlHtpplnfi IsbiTidn In provIdtnsE and lualnhilnlDg 
ati appropriate exhibit of the prodtiets and retonreen of the PblHpplne Isbinde* 
Id addition to this, tbo Secretary of the TreaHury was directed to erect aulLahle 
buildings for the govemtncnt exhibit* Including aii irrlgatioa and btogTapli 
btaidlng; also a daberlfifi building, and hnlMlopca for the exhJhlts of tho district 
of Alaska, the Territory of Hawaii, fttid the Phttippine Islanda. for which an 
approprhiUon of $250,000 w'ns imid& Mr. Jcsso E, WHeon* Mr* W. de O. 
RavencI, and ^^r, W- M. Gcddcs were appointed membern of the Eoveratoeot 
board of manngetni Mr. Wilson, fdialrman; Mr. Bnvcnel, vlco-ebfllrinanj mid 
Mr. (^dC9« secrctnry and disbnrstng oibcer* 

The net also proflclcd that the Smtthsonlal] Institution and National MnaeunJ 
ehould Gshlblt sncli articles of coat er la I of tttt hlstorlcul nnturo ae would Import 
a knowledge of our national history, especially that of Alaskn, Hawaii, at»d 
the Philippine Islanda. and that portion of the United States went of the 
Rocky MonntnltjsL The Secretary of the Smlthfionlan Institution designated 
Str. W* de CL Ravonel, aduilhiatmtiTO asslstnTit. United States National Museum* 
as representntlre of the Iftrtlltutlon and National Of the total appro- 

prbition^ $2-t,CW was allotted to the Smlthi^oian Institution and National 
Miisenui and about 10.000 siliiAra feet of space in the main govctoTnetit buildings 
The prepaYatlnn of this eibiblt vsm aa soon as possible after the board 

was organl 3 cc<I. In aceardahce with plans snbtaltted by the rcpreacnlaUve. and 
was ptactlcally Installed In the guvernment bulldlbg by June 1. when the 
exposLttou opened. 

In the pfopiinitloa of the cxhlblta by the IfUftltutlcia and the Mnsenin the 
principal bled kept In view was to present an outline of our nationfil aehleve- 
meats and progress, and of the faciB coauected with the develepwent of the 

hi 
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western part of tbc Uo lieil A In ska, Hawaii, u cul tLo Pbllttiplne IsJaiido. 

Tiin oKlilblUl were claEBided as follows i 

1. FortmLts of eminent persan^ HBsoclated with tiie illseot eiy nod blstor^ of 
jAiiifirfcB* 

% Fortmils of omlEUMit [lersoua couttcH.^ed with Uie bistory of Urn I>nclfle coarfe 

Alaska. 

a. rortmlts of emlneut iiersciofl oonnectea witb tbo blBtorj^ of tbo IlawallDH 
XslaaiiL 

4. Fortnflts of emlni-at pcrsoua lioDaectoiJ with Uiu lilutotT of tbe pytlpplne 
iHlnuds. 

C. HlstoTle Bceoes oEid lauilluilrks. 

(L Rlatory of tJie Gapltol, 

7, Historic VH^E. 

& Early Atiierleaa BlHtmbonts^ 

9. History of Inntl tmosportatLon. 

la History of tbe oontrlbaLtons of Henry and Morse to oliH:trleJtj and the 
telegraph. 

n. Mednliio history of tbe ITnltcd Staler 
12: History- of AniorlcELn cortoBrapliy, 

13. History of the tmitoiiai eaita iislou of the Hal ted Stnteii 

14. History of the Pnelde coaot and Aliiokn: 

Tho St^tiEsh miaaions In California 
Hie OrihodoA Church la AJasha, 

The Church of Intu^r-dny Saints. 

Modem puetiTos of Arliona and New Hex loo. 

Ancient piiehlos of ArlEotm and New Mealeck 
Tho aborlglnea of CalIfnmJa. 

The fihoTlElaos of the North racinc ™at nod Alaska. 

Falnttnas and photographs of Alaaku. 
l&i The rhlllppiDei: 

Civilized and iiDcIvlilzod pcoplea. 

Serlen of photograph*. 

16. HawaU: 

Alodel of village 
^rles of photographs. 

Hmerson ethnogiapIiTe collection^ 

Chorch mission work lu Hawatl. 

17. ^£Doa; 


Tho DAtlvea. 

PalQtluga aud photogmplia. 

ISt The Mariannca: 

Series of photfigrepha. 

16- The history of photography. 

20. The hlatory of medicine In Aj 3 »rlm, 


of the exhibit represoutlug peraoiu prominently eouneeted with 

and pJtlntloga representing hlsloric wrenes aod landmirka. 

of historic r^]s were exhibliea. IncindJng a viktue tihin. 
tbo /faV Woon, tho IfayyfoiatT, obd the t7oaiftfair«n/ alsfi models ill^ 
to ins to d«dop»,ent tte ««un Jw 

which piled on the Dclatons In iTSft; to CTcnwjo* fir^ «h 

S*e^L to Saeantmk. Md othere *( Jmt jHiblia 


of the EfECKETART. 
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In file eciSblt of land tntusportjitlmi were &bown the ifnrroua &Lt\j tnethwli 
of ttfltiBportlng imeaenEierD aful sttppMe*. amiDgedl In fteqomice nod Including 
Eitf^eta of tho loconiotlvcft, soeh as the John Boll and the Etoorhfldge 
LIgd. 

The eollootton of eJ^lriml nnd lelafWpllle epimratus wns defi^EHOfl io demon' 
etmte Ecune oC tljf* tnnro Ijuportant (tires counoctetl wRli Prof. Joeoph Henry'a 
reseftrclsea In eleetrltail wSence, nnd Included flvo of hSs orlpirml InBlnuuenta 
ft] id rcprodnctlons of oiljor pieces of nppnr^tcifl^ 

The mcKlalllc TiIbIoit Of Unlled Stutes was portfsyed hy ft aeries of brotiae 
copies of 23 medals whtth were struck In holwr of the PrwIdcelB of the United 
Stnfes from Thoniils Jefforeoil to Thccidonj Itoosevdt. mid other medfils com- 
niemuratliis epcclDl ncta nnd events of hlstorltml Imporlntico In the development 
of the country, 

Amcrlcen enrtojEraphy iinil the story of tine territtirim Biimnslon of the 
United Stnle® were niilElrjifGd by nmpa and by fac«lnillea of a number of 
treaties. 

The hlslorr of the Fadltc coest nnd Alaska wns shown by meftntt of jmlnltn^ 
by fi model of the Santa Bat-ham mlseton bulldlne, rcllce from the alQferent 
tulsslotta^ and other IntcreRtSorr nhjocta, an eiceHcnt model of st ^illthiiel's 
Cath^alnil In Sllka, a lorpe number of photographs of cburcheA, olerpy, #tii| a 
cnllecrlnn of prlniers, liturgies, uianimR and other rell|dous works connoctM 
with Rtis.^nn mlB^^lonary efforts In Alaska, 

The history of the Mormon Church was innstmted by a collocfton of portraits 
of more thnn 40 ix^rsms ctinBpIcnous In tts estfibliSbmcnt and fCtcrwth: albums 
containing plcturcfi of Mormon templGs and other buildInpa; and unHlela of the 
temple and inberuaclc tn Enlt Ijike City; also a chart showlnf: the mlgratlonB 
froai Veriiionl to HlliioEs and otbiT poltita. 

An exhthtt which attriictcd mnch attention caDslsted of modets and pnlntlmm 
of ancient puebloe of Arizona nm! New Mcidco. The stv'lc of bulldlnpn ndopied 
by the ancient [n^iple of soulhem Arizona was craphlcally tHastrstcd by n 
pafntlnp prcseutlpi^ h bird's-eye view of the preblstorlc mtn of Casa Grande, 
situnted In tho deftcfl about RG miles sonthenst of Phoentic. The niln com¬ 
prises hlocka of buHdlii}^ peaen'olrs, aud dltchca^ fortified inclosuresp nnd other 
ponstrnrtloas. The orliiitfnil scttliiaient wna comjioeed of rectanpilar stractures 
known iHi “ compnmida.'^ Illu^rated by models B, and C. Some of these 
buildin gs were i3?cd for tbu ticrfarmunce of oacred rites and us habitat lens for 
medicine men and chlefm The SmlHifiOiilnti Instltatloa haa mide eiienai™ 
•exeavatlon;i and rcfioirs of tUo Cnsa Gfunde rhtn. 

The chiimcterlsUCfl of cHCf-dwelling arohUeetnre were well (lortnfiyed ia the 
model of Mummy Cave^ il rain In nortboustem Arizona, and n palntbi^ af the 
CTIIt PahiiCP^ the InriTest ktiown of ib^ dlff dwellings, slmated In sou then slem 
Oolorndo, Modem pueblo family nnd dwell Inga were depleted by n gmnp 
of Zuhl Indians of Xew Mojctco^ nnd by the wcH-kuoiim Hopl pueblo of Walpl. 
Arlz. A llfc-slKod family gmui^ of Hupa ludlnus engaged lo ttislr customary 
occiTpntloPN Hclectcd tv Illustrate the siborlglDEs of California. 

The culture of the ahoiigtae? of the North Pacific coaot sad southeastetn 
Alnflka wan represented by ohjeets oarred lu wood, sneh as chnsts, totem fwlesy 
pnil uamoroas oibt'r spceltnens. 

The IniiMstrlcfl of fhe western Eskimo of stiutbenBtcm Alahkn were represented 
by n model of n log house, lay ngures of n man and womnn^ a collectloii of 
Bpenrs, hnrpcionfl^ snowsboos, end boats; also specimens of basketry and other 
ubjeebi connected with their dnmeBtlc piiysulUL 
A number of historical paint Inpt lent by Ur* T. J. HIchurtlsQu* imd pbote^ 
graphs by Uout. Geyrgu X. lihuiuuiiSi U. S. Navy, portrayed the early hliitury 
of Alaska. 
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The RTQ^lJd nnd dUi^r objects hhowltii;; tbu Ufc lind ctf tbe FbHipplne 

IfilflD(3ers ronnHl u most nttrncUTe exhibit. AmoD^ these vrim ii family group 
of the K-ei^itog of ZambiilosK ii smnMp bkoh people iDbii biting sovenil Leohited 
pbieeti in lEjnn^s nf the Philippines. Their houBss lire nolLlug but 

naJo ebeUerSp ahfl are seatter^ thronghont tbe country. Ttiore wns qIbo ei- 
blbUdl n typical cohectlon of stpeclmeoB showing the orta nnd Industries of tbli 
Iribe- 

Tbe Igtipot of Bonti^ were ropreeentcd by a family group of foar flgurcsfl- 
Tbli tft of ^lEikyiin jstocJc and porsuo agrlcnlmro nud tiQior t^acefal 

vocitlonSv UtitU h-ttlte recently. in contra si to their paclfkr dlsEKuiUlons, they 
wero addlctcij to Uie liEirbriroiiB pnictico of bsnd-buntlni^ Their arts were 
ropreseuted by a naiplwr of objects, inclndlng arUclES of ja^rfipimt iidomtiiept 
and citirvod wooden fliTEitcg. 

The tirtfi and liuluatric^ of the aioro ami IJagobo tril>e# of Miodoimo were 
shown by ftpoclmenfi of bnshets^ shellurork, omamerits, metal worh, and 
coBCttuiea 

The Taipiip the most progn-^h-e of the tintkc tribes, hariiig been lu contact 
with $poni^ elTlllmtlon for sevoint centorlcs, were roprofleated by articles 
of potlerj-p imps, bonis, cloth, coBtumes, nnns> and a loy flguro oC a tvoayer 
at worfe. 

Tile general history of the Pblllppluo Inianda at the close of the war with 
fipnln was portrayed by o series e£ pbotegrapbs of tbo natiresp farully life, 
eccij[iutlons^ dwelUni^. churches, and of hktoric fieenes^ 

The exhibit lilniitTatlnir the blstory of the Hawaiinns compylfiod n model of 
a vlllii|!;e of the curly Hawallans, who fortncrlj lived In gross-thatched housed, 
grouped Ihlo viUheca, constituting the home of u clan* presided over by a chief 
and a prim. The cxIiFblt also included n large series comprising several huu- 
dred eihuoli^lcal objects colimed by Mr. N. B* Emereon, and of photegmpbs 
rejiresenLlag hnlldlugs, ancient and modem, and erirloiia data llliistTayTe of 
ebureb, setlEcfucnt, and school work. 

The who are a i-ohiist and active pCNiple, Ihlng La comfoFlobTe 

thnlm-roofp^l lionsca were represented by ii family group. OH painting of n 
SauitKin iHHTi and u-etuan and photographs of nnllve houses formed a iHttt of 
the cxhibib as well as a number of objects connected with their sodai life. 

The Qmm and Marianne I^nuda exhibit embniced photograplia of aomo 
of the natives and their houses. 

TJiu civjIttUon nuij hlrtorr of itlintoempbr ttbh well Illuatrated by a collectloti 
Itrepnrnl by Mr. ThonifflB W. fiminie, bepInnEu^ with the enrllcst fierinuiicat 
tihotcienipbs. and taclndini; exeiupIeH of Dcnrly nil of the mort Important dls^ 
tovrrles nnd Indentions up to the present time. Many of the speelmeiu were 
tnEKTe hy the Inventors of the pnwesees and others In Uio ^Inseum labonitory. 
The Mllcetlous of color phofogrnpbH are specially floe, beginning with tbe 
tinting and then nn elnimmtc eoierla,; of the pltotoErnpli by hamt, and the 
imtcDtrd ihitteedfies for transferring ilie film to n colored haa>, which flnalty 
led to the elmont perfect photogniphs In color, ns mndc hy Ives. Wood, TJpp mnn , 
Miley, and the autoebromes made in oqt own laboratory. 

The Jiletory of medEcEne, prLi«reil hy Dr. M. Flint, constated ninlnly of 
photojtrnphs and bEoKrapbtcnl sketches of noted doctors. hrEinnlng with the 
Pbysldan who acwmioHitrd Oipt John Smith to America and corerinr the 
twentieth wutury np to and tnclniliug experlmento coodnetod by Major Reed 
rtir Ijjc preventlrtii of fallow fuvrr la Cuba in iS&l. 

Thwte exbtfatEs hy the InatltntJon and the ^[nscum were prepared by the 
i^r^ntnRvP. with the assistance of Mr. w. H. Holmes, of the Ittirmn of 
Ainerlmn Ethnolgey; Dr, Walter Hoogh, octlng head eoraior of anthiopoIoBy : 
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Dfp I, IL OosnnoTvIi;^; Mr, T. T* Betote; Mr. T. W. SiDlllte ; ^fr, O. O, Majtinrd; 
ond Dr, J+ M. ¥UnU U. &, KiiTy. Tho groups were designed tjj Mr, ITolmes 
and tnodolcd by Mr^ & J. DimtuiF. Tlii> models of Casa Gmndo ware medo 
by Mn H. W. H-imd'loyi imder tbo direeUnn of Dr, J. Wsitai Fewkos; and tbe 
mod^ of tbe Hawaiian village by Mr- L B. Millimr, 

Tbfi Museijm In lodebtea to Mr. Ck^orge Whariee. James for tbe a fumbling 
of tbo cixbIbItB from tbe Callfornfa ulaslona; to Rev. A, ICnebevaroir for 
design lug and oollertlng tbe exbIbIt of tbe Huealan Orthodox Cbnrcb Ui Alaska; 
to a committee of tbs Cbnroh of lattef-day ^inta^ of which. Mr. O. F. ffbU- 
ney was ebniranm^ for an exMbIt lllostrBtlng tbe blatory of that ebnreb; to tba 
Board of Hawaiian EvAngellenl Association for a series of pbotogranhs abow- 
log mission work In Hawaii; and to Mr. H. W. Kienslmw^ lAmt, G, T* EtnmaDs^ 
B. Sw Nnry; Mr. T* X BlcbardBon ; Dr, C. K. Townsend : and Mr. W* E, BsCTord 
for tbe loan of photograpbs *nd palntlnga 
Special acknowledgement is made of tbo cordial asatstance rendered bj Urn 
Deprirtincnt of State, tbc War Departinent tbe Signal Corps, the Btjrean of 
FIsberles, and tbe American Mnseisni of Natwiml History. 

Tho exhibit on s whole has attracted much attention, being of eapefclat 
interest to indents of blstory, and one of tbe most creditable sent out by tbe 
loatitntton. The exposition will close October Iti. IDOD. 

Eeapeclftilly submit ted. 

W, DE CL Ravestix, 
ReprticnMihC StniiAionlcun 

and SathnGl IftrArfiok 

Dr. Ckasleb D. WAtCoir, 

^wclorv Qf I He /mrlffutfon. 


AxTENon X* 


THE ElItST PA>'-AMEU]C.^X RCTENTjriC (INGRESS. HKrj> fX RAN*. 
TIAGO, CnilJi, DECEMBER £5. 1 DOS-J A XU All V fi, 1009. 

By W. H. Holhes, 

OacfftHtf Of Uiitted Statro Oorcntmt^t reprexenttug thi Smllfuontan InitihtlUttu 

Tbe flm Tjitln-Ainrrlcnii Sdetitiflc Conjircce, which wan (sjdttocJ Jn [iTiifiia* 
AJrcfl tn 1888; wtia Broiectei] bj- tic ArseutJM SclcctUle Society of tlint city iinO 
succi^afully curried oiiL li wnu cttcntled by rej^roscbtcUves of twelve Lotln^ 
Americiiti repnlinc^ and yielded rcsuiia of mcli lm;iortnncc that a eewnd eon- 
giesa wna convened at Montevideo tn 180J; and tils wna foUowod by b Utinj at 
Rln dc JuDctro in 1805. Amnisementa were mndo for a fourth inecilng at Sao’ 
llago, Obtle, la 1008, and tic CIiIIcad oraanTsuitlon conimltteo,'’ feeling that tlio 
OCtivitlee of the congresa, which had been limited to llie dlecuBaloa of the tjitlii- 
Atuericon probtemo and Interests chiefly, abould be estonded to a fully Pim- 
Amorlcnn Hoite, decided Um t lie Sant la ^ meetlas uhoald be known ns “Tbe 
First Paa'Ameiicaa acleattne Congteoo." 

The oi^nlxAllon conibittee, ihroufffa the medium of the ChUcati GoTornmmL 
Mtooded to the Government of ibe Cnitod Stntes on itivlmtlon to fwirtlclnotfc 
Secretary Hoot brought the m utter to the ottontJon of rnwldent Ilowevoit.* 

'The orminJuition comnimee wuh cotiRtltutoJ ns foUohsr nooumry nn^ 
Jtnt^tclal Morttneat President, Valentin I^eller; vIcfrpresldTOts, MuiukI B. 
ll.Ll]H»tors and Mlpiel Cmcbngu; genera! weromry, Eduardo Poiriert assistant 
^1017, An^sto Vienna S.; trenaurw; Octavio Moira; Alejaudro Alvarea, 
Josd Ramon Gntlcrrc*, Alejandro del Rio, Miguel Voras, Lnia E«;«Jo Varaa! 
AmIido Ilevin Rlqneltne, Vicente lajiilerdo, Domingo V, Santo 

the Uidt^TirL^'; Government of 

United ijtiitffs to Jptn ia nnd it> bo rotiroactited by di^ogatca at Uie 

Amerimn Selentinc Crnigraw, which ]» to assemble tildcf iS^nuspIcJ* at the 

S. wnrfof^ "" bee^n^lne Dccembor 2b, 1808. 

^e work of the congress will comprehend nine flection^ devoted, respectively 

l o "“‘hrapology. Juclspmdenco trad soclolog^iHSla- 

eoglca. and AErlcuIiuro nml nnlmnl Industir 

wngremes were' Ueld In ISsa at Buenos Aires In 
1901 at Moftfevia™, ami m 18«5 at Rio do Jnnclro. Growing out of Ihi) i.rm 

qaatei^reprcsentcd at thb, important Flm Poa-Amerieoa SclenUac CouBro« 
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anil ioHtaitlfto to Coojtrcftg, aoeoEnpanl^tl by a 

eoiisna-earlnEory mesfisge,-" lo dtlc coorw the laTltaUen was offldnlly ncceptcd 
na[1 n sum appropriated for the parpoaea of the oon^^reBR. The com- 

mitr^ of oriranlsidoa also extended InvltatSonSp Uirough tlie DeE^rtm^it of 
State at Washla^oiL, to a Dumber of DnLvereitles and oUier limUtittlima end 
PocTefles. As a result a largie detej^tlon was accredHod to the Ooiicre^ss, The 
nicizibersblp of the dele^atloa nail the La^UnEioua rOpreM^nted are a^ follonrs : 

Ooeemrn^af 

T* S. rtowop UalTersSty of FeanHjli-aaLa. 

Paul S. HeJaseh, Univeralty of WLrcou^o^ 

Hiram Bliifdiam^ Yale IjalversEty, 

A. C- Coolldp^, Harvard Unlveralty. 

and RhouliJ ombnteo tJila op^Kirtynlty for coopemtlan lu t^clrlitlflc resea Dcb t¥l^h 
the ropreReEitallvea of the other Amorlcau republloa, tt Is worthy of coti- 
sEdemtloQ that, In adiJltton to the purety Bclentlde intietoeta to be eubaen-ed by 
Hach a ooti^ew and itj addition to the advontag^ft arising from an tnrorcbaoj^e 
of thought and the latercourac of the Bclentldc taen of tbe Amerl^^aii conJitTlea 
and the jrood uudereLandla^ and friendly felatloaa which will be prolaotodp 
tbere are many speclde relations Oflainir from the very cIobo ItitOPColiree be¬ 
tween tbe Unit (si ^lntg« nod many LAtEn-Amerlcaii ceuatfle^r Incident to opr 
expandEii2^ trade, mf e-Xtending InvestmentH, and the constmetton of the 
Panama Ctanal, whleb mat^e a eomntoa uinjerstandlng and free exehaage of 
opinion mioii ocSObtlfle stibjeels of great prnctinil importance. 

To Kiahe OUT representation poaslhle I linye (be honor to recommena that the 
Cangre-^ be ashed to appropriate the Bum of or so mneh thereof ns 

may be iie>m«Bairy^ to cnnble the United Stat^ to scad a number of deletmteH 
correBpondSng to the anmber of seetlona Into which tho coagre!^ let to lie d|- 
vldfd, together with a secretary and disbursing officer, and to twy other necen^ 
saty expoarcfL 

Inasmuch an It Is deAtred that all cemmtinicQtloTiB or j«;rentLfic works to be 
presented la the congreGs be reeohod before September atk, it Is mueb to be 
hoped ihnt provlsloil for the (lartielpatlon of this government may bo mude at 
an early dnlo anil that the npproprIatloD be made ImmLHitntoly nvaltfiihle. 

Hespectfully nnbmltted. 

DfrraiETMcrrr op StA-ra, Scum 

iroffMiifffonK /Jrremftor fiJ, 
fA<r Sm-Tle and I/ovtS^ o/ 

I transiult herewith for the coasiderstloa of the respccthc Houics ef the 
Congre^n a rei»ort of the Secretary of State representing the appreprlafenpss 
of early action In order that Jn reBjKumc t* tho lavEtutlDti of the Govornmiuit 
of Chile the Corernmont of tlie United Statea may he enablf?d flttingly to he 
representil'll at the First Pan American Sclentiflc Congress, to be hold at Saa- 
tlngo. Cbllei the first ten days of Decemherp IDClS. 

The reoommendiLtkiiDa of thin report have my hearty approval, pud I hope that 
the Congress will ftse dt to make timely prorUion to enable the tJoverrintcni to 
ris^Kujd aiiproprlately to the Invitation of the Hovonmamt of Chile la the 
;*ettdlTia of delegates to a irongrees which can not fall to be of nreat Interest 
and Importance to the govemmetitB and poopleo of all the Anierlcau republics 

Tacoposfi Hoouevelt. 

The White HooSr, 31, /e07, 

‘i5t45'^Bai 1000-^7 
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ANISTJAJ. liF^OBT IN 3 TlTUTTO»j 1 ( 100 . 


CoJ. Winiam C* \h F5. Army. 

K noLuicfi, Smltb^nT^ri IfisitHutt&n- 
13 f>rDnrti Moses* Uci^verflltj- of CAllfornhL 
Goorge RomnioL Bnnefio of Animal Industry. 
W, E. CoJonifctn UnlTcniEy. 

\y, n* Smith, Tulane Unlv-ereJtyp 

UniPrnitjf rinrl ^ffckttf 

C, Jl. Bull, l/nirersity of Mlnne^tfL. 
irenLiLril Mosse^ UnKerBlty of CaUfomla, 

Albi!rt A* ^lLel3o1saEif Fnlversiiy of Cliiuagfi. 

J. Iiflwrcijco LAngbllo^ t/olr^Hy of i^lileiiKW, 
\\\ R. Rli^dii^rd^ OolttMlim UtiUmltj, 

Tliutuiii Earliinitp Itfrrvara liokoralty, 

A, C* CooHiIge* BAmirfl Uolven^ty. 

J. is. WoodflTorth, HnTVJirtl University* 

Acini ph Hentpel, Unirorsltj of ITIInoliiL 

W. M, Hoimis?, Reori;c> WiLshlnetoii Urilvmrtty- 

OrriHe Ap Derliy, Conioll UnlverHltj. 

H, D. CiirtlSp UnIvemSty of I^Ilehli^nTi. 

W, F. Rico, NortliweflteTO llnivorslty. 

S. EowOp UolvorHlty of Eetniflylvanlii. 
WcH^al&r F- Erownlne:, Prloeiitoii Uidiorslly. 
WniKam IV* StDilb* Tninne Unlrorslty. 

Pnnl S. RelMoK UDlTerrity of WSK»«Hln. 
lUrriDi BEu^tjnni* To3o University. 

D. I'l ^liiSp ^iitlonol KdoCiiUnn Assot^tftllon. 


In JxmfL, IGOS, meotln^ of the srovemment dei elites were held ot the Stole 
Dcimrtinent* Wnfihlnijiofi, tinder the tutelage of Secretory who fwov^ed 

to them sucli tostruetldiis ns wert> dceme^l tiecwsary. ArroofCeinents were toado 
for the prcparoLloii nud ironnTatloii of po iters denllDg with nppmprlltte subjects 
for pTcsontntirin at the conp-H^ and for the dlaposnl of the bueii nltntted by tho 
DepnrtnkrTil for the pni^POfiefl of the eoiigrot^ The orgnolmtlon of the delega¬ 
tion wns iMjpIetod hy the apliprtlon of Dr* Ip, S. Rc^we no chnlmuin and FroU 
Paul S. Belasch ila vlc:e“Chnlnrinn. 


UftdcT the gnlrffluco of Dflctor Howe a number of tlie dele^tes nfisoinbled lii 
Enenon Aires enrty In Dceeoibi r, whero thoy were the rocipifin!:i. of thd hoepi^ 
tnllly Ilf tho Pre^hJent of the RepiiblTe rtnd the mernhent of hla mbinot, nnd of 
the miolsiors of the United Sintos and Cbne, Vifrlts were made to iinmerDns 
toatltutlons of leeminK, bospltals, nninlclpol buildings* parka, etc.* ntnl the vtali 
to the Univirrslt^" of fji Flnta wna alimnK^ by nn eiceptlonany cotvJInl Inter- 
chniipe of eoiiriesli^. On December 1t> tho t»nfty crossed the Andes mud estab¬ 
lished hendqnartera In the Hotel OiJdo In SanttRi^o, Here, before and daring the 
slttingi of the eonpreas. The ddogntlon held freqmmt meetlnpi to plan atid tllfl- 
euM tbftr work in the eongrws. Meantime other delegntfons^ representing aeven 
S^ortb Atnerlean nml Centra] AmetTcnti nnd nine Boutb Amerlmn ropTihllc^ were 
on band; nnd the meeting for the fielcetlon of officers for the eongresa wna held 
at the UnlterPily of Chile on Doeomber 24 Tt Is n noteworthy fhet Hint the 


rhij rrsull wftA aa followBt t-realdent. Eniiqno a de IJalion, BraElllan minla- 
^r; viCfrpiTsiEleiita, l4ireuzo Armdon, Argentine julnlater; Federico Survella a 
Qtinah, dclcgEte from Uruguay, find Mottas MoinKiiillla, delegate from Pern- 
F’crnntnl^ delegate from BoMria; Melchior Ijieo de Ja Vega’ 
dcK^gate from Paimmo; and Enrique Mortloez Sobrab dolcgato frmu MexlcoT 
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titiil vlcft-pnpslilcnt of tlio cauiireita TA^ct<! ilio envo^^ flf tbeir nespectlvc 
ccDiitflffi to Uiui^ to coiiijri^ n pol[tl<m1 aspect This 

a^iect tFOt alBo Impfltted In ti meamiro hj the naming of representotlTCB of fi 
nmnher of tlic Koi ornineiil^ In Chile dev chnlrmcfQ of the imtloiml d^ei^tlonfl La 
the conprees. 

At 10 p. m. on ChrtstiDfiS Ddy the Open lap BosBlee xen^ beM In the spaelonfl 
hlniilcLpfil Thonter^ anil proTed a moEJt Impresslvn cereniotiy. The PtesJdcnt of 
the i^opuhlle, Renor Pedro Montt, was present nhd aOdresBcs were mode by 
Viirlon# olHelals of the coDgreas jilhI by eiiatnin^ti of the TarSows nntlenti] deleipi- 
tlontL Tho of Doctor Iiowe^ c^ielttnan of the AnierScaa detei^tloii^ deliv¬ 

ered III i?|rfiiiliau \vuft enthiaaJrtEtlmlly received.^ 


^ APnRi:Ba or del b, edwk at thk bebsion. 

Youft Ejcellesct, Laoiha aTCp GtrSTLEME^; Tbla ccnprieas pOFTieKios an hla- 
torical ilESlflicaiiCe wbleb it IB dlHlcnlt for ns to fippreclato at the present tliot 
It znarkn nil epoch Id the iDtelleetunl developtneot of the Anierlcaii Onutlnetit. 

Complete iBoIntfou from one neother luLtchomcterlKnl The filten tlon of the coiiii- 
of tlilti oontlncnL ThLn laolatloti tuis Ivonn one i>t the ^entoEt [A^stnele^ to 
profTCBa. Tho &ilLiire to Elevelii]i n Spirit of Intel [e.'ctnnl coo|k?nitloEi hns n^imlted 
Id a ^ellt Jok^^ of cnerfiy and hnE been one of the most Important oljStaeTos to 
the solution of many problems ivhich froald long ago luive t^een solved had wo 
liWi able to tmite our ener^es and profit by tinrb othiT^H experience- The true 
rtciedtIGc spirit Ims a far deeiior than the more desire to wndiict 

InveaUgsHloim. It am not reach its hlj^best exprcsEloii If there exLet petty rlTnl' 
Hea or JcolonstiiBii t^>r thL» rt-ji?itiD the development of the sirlentlflc sidrlt eom 
trJhutefl so milch to the growth of n true Lutcniatlottiil fraternal spIrlL A vlg- 
omus spirit of eooi^enttlou^ devniopeil amon^t the sLdentlsCii of the American 
Contiiieihtt ^ILI enable us to destroy the last traces of ihii eptHih la which the 
words “ straiiirer ” and enemy were synonyoKiuB. 

The IndiuRtrlal development of the last century offers Icesodh of niwch itu- 
petinnee to the sclentlilo world* A stntly of the economle growth of modem 
countries clearly Bhoivs tiiat the principle of com petition la gradnatlj «;lvTns way 
to thD princifile of cooperation. 

The formation of tmsts as well as the prowth of trades^ onlona consUttitea 
the concrete expression of Uiese new tendencies^ The eighteenth century niid u 
considomble tmrtlon of the nlnetrenth were ilomlnAted by ti nplrit of Itidivhioal- 
Ism. During more than four gencrutlonj^ It was tnhen for itmnted that human 
progress is dependent on the Sniggle for oxlslciice nnd the condkt between Indh 
vMiinl ftnd ludLviditnK Pcriug the nlmHeenth oMitiiry tho application of bio¬ 
logical prlncLpltfS to hnmnn Bocloty sErongthened this Idea. It Is the mlK^loti «f 
the twentieth oontnry to domonatrate that wo intist regard the principle of 
MoiK-ratlen rather ihan that ef competition aa tUe fncdaniental prluclplc «f 
aoclnl progrtfsa. 

in tills congress It la our high privilege to InniiRumte a new epach giving con¬ 
crete form in the Id™ of StiteneetnnI eooijerBlIom Eii the [nlematlonal Bureau 
of Anierlcnu Itepnbllcs we have a cent™I organlmtlon admlmhly adapted to 
contrlliote loword the realEmtlon nf this Men. We need Biich a am ter In order 
to plni>e InvCTftIgators In different portfnns nf the Amcrlmn Continent In wii^ 
tact with one another^ and Itt order timt Uie results of stieh InvcattgntEons may 
ho iiiftde the common iimperty of all rho tmtlons oC America. 

In the name of tho d^^TegELllon of the United RtatUfl of America, I d^Ero to 
^presH cur Blncere thnnhe for This opportnnlty to take fiart In the deliberations 
of this eongreas, Ko Ivctier opportimlty conld have been oirerwl to beeamc nc- 
quftlnted witb our colleagues and foUow-lnvestleatotiL The tlea here fensed 
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Tbe committee on areanlzntlcn] wa promiit In the ptetianitlon of the pro- 
fTouiiDO of mcetlniTH, nnd Hue pr«fi of ihc city wtip nwitt KE^TH^rnnF nni! IsolpfnI 
in ItB trentmcDt of tbe congrt^s. The sectlomil meetings^ whloli eaDllnoed dur^ 
lug eJgbl day ftp wore iiold so[Hiratoly unilor the follonrlng beads: 

1. IdathcDMUoai pum atnl appHod, 

SL Fllys^olll ttud olH>int<^i 

Nattiral flcieise^i—biottiKy, paleontolojiy, gooiioFy, anthropniogy, fite, 
Eu^loeerlijg. 

^ ModJoloo mnl liygSene. 
tl i3urbprui1efiee. 

T. AClence#. 

S, PedflgOflsJc s^denoes. 

&r AfirJcultiire and zootoohiiy^ 

Ttie pnifiTamiuo wits foliowodp with neceaanry modlGenlEDOB from day to doy. 
The majority of tJio paporR tr^r^ vvnil In fsill or la cxtondod nhntniol^ udiI dl»- 
cti^ioTi was freoDiid often spirited^ Natnnilly, popular lutcrost euittoml largely 
about the s^tlouH cU'allug ndtli pmctloal probloms, na eduoitloti, E^nltatloiv, 
Boelal Bel£Hic?et and pogtneerlag; hut the more nhfttmct eolaneefl were not uegleeted, 
Owtng to tliG great fnnge uf the worts of the eonfrresa niid llie iuultl|itlctty ef 
pnpere preset]toil In the variqiia g^ilonap no attempt cau bo made la |hls place 
to preaont tbo ut>rk and resolta in detail. Tlie list of fmpera proBwited by mem' 
bers of the Aiuerlean dotegatlon and forwanled by the other contrltmtora from 
tbo Uultfl] Htatea la ns folSowa: ^ 

Aatronoinlcal Froblemft of tbo BDuLtieni HemS^phere. By Ih l>, Ciirtla. 

iTie Klectroatc Theory of Matter, By W* h, SmltlL 

Beeent in ^nectrctc»copy. By Ah A* Mlebelsoii. 

StatlFtlcB Qt the TJpe of Mtrato of Soda la the Unites! ^intesi By flharica 

K Munroo, 

The Economy of Fuelsi By wnilnm Kent, 

Hcecut Studlea la ^^lerlmeatal Evointloa. ily Tliomna Barhour. 

Notes on the Orlgla of the North AuierJeau PraSrlest, By Cl H, HaB. 

Origin of the Mlnuosota Iron Ow By G. tt. Hall. 

The Peopling of Amin^iea. By W, H. Ilolmeji, 

TUi; NtsHfw Geological ItcganJlng auhtermnsiti VVatt^ns. liy Jnniea F* 

Kempr 

THa Mloctnl Wcaltli of Amcrkii. Dy W. R. tnsnlU otnl R. W, Rnymonfl. 

“iTic ShnlET MemoTlnl Rx()c4litloD. Ry J, R, Woodworth. 

The AWtllcotlon of FJeLlrklty to Hattway*. By Ffniih J. Siimene. 

fUialtniloa lo the Tropics ^yltli Rclaitlon to Mahtrla and Yellow Fever. Hr 
W, C. Gorgdi 

FrwiiiMicy and Prevention of Tellow Fever. By C. J. Flnlny. 

Notw on the gamtetlon of Yellow Fever ikiid Mnlnria from Iftlimlaa Cxi»- 
rlence. By U. R. Cortcr. 

PlHtrnee: Metioda of CohItoI. By j, c. Perry. 

America lu tho Ehiclflc. By A. C. CoolldBe, 


[nwem a algnlOcancc fat deejur than the Boraenat satlsCacUou they Imrtly. This 
Tbili can not help bat eolnTge our mentel horLson, hrondeu trar sclent ifl* ncUv- 
Ity, and sttvagihen Gie Inlluenee of otir niilrentlty InstmetlanH We coDimiitt. 
late nnr*lvc8 on ihe pHrllege of helns and desire also lo eyprew, oi.r 

apjowlftllon of the (Treat wrvlw performed by this Republic In plvlng such vJb- 
otoua Itnpnise te the spirit of wnenttfle solidarity. ^ 

‘"‘“'"tlon from the Spanish, and i«,y be semewbat 
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Amcrlca'B Cohirlbutlootf to InteTnntlonal Ijiw. By Flliu.1 Reloaiiib. 

PuMlc OpEnlon $. fueler In dup Am&Tlmn Dcmocmcles, By S> 

ReasaDA wby the Bngll^i Oalontes on Aelilerinj; tbrJr Indepecdenco Boenme a 
SinglQ State, wherenF the T^tln-Aniert^tm O&ionle# dM not Forin a Federation 
or oret) o OunfedorailaiL By Hlmm BSn^am. 

Geo3oji:leal Work In DraalL By Orville A. Derby. 

Futimlaitionii of tLo Spnnisli odiI En^KHili Colonial ClvUtotion in Ami-rlcn^ 
By Bemiml 3Uoj«iS. 

Gold ond Prices. By J, Lnwrcnco LaughlLn. 

tlnifomilly and CettforttiBy In tbo CimsiiB Mct3K>d£ of tlie Rcpabllcs of tlie 
Amorlean CoullneiU- By S- N. D. North. 

The Iiidnwice of Urban Knvlrounjent pel Gio Life nod Thoiii^ht of the Teople. 
By li, B. Botvoh 

Thv TrontiiieiLt of ludhiD Trllna of the United SinlL«. By Franela E. l.£upp, 
Efice Dogenorfilion. By W. B. Smith. 

The RecIfilniltiB of Arid IjidiIb Id the United Statesi By F. H. Nowell. 
Instruction In Anliniit Htifshundry In the AgrleultumL Cellegefl of the UnltcHtl 
Statei?. By Reorjje lEotnniolH 

Nntiouul SflDitury Anlhiul Police tn the United ^mtei. By George SI. HotntnoL 
The Tendonele« of Femiilo TOdncfltlon arid its Beiiring on the SocLel Mission 
of the Women of Amerfcn. Hy Wm. F. Rice. 

Standard Time System. By Prof. Dnvid Todd. 

Adaptation of Instruction to the Aniorlenn SoeEnl Me4ilua:i. By W, R, 
Shepherd. 

NerN.^ ns AJiHij^nnls In Xh& MedEeat Inspection of Sdiools. By Dora Keen. 
Recent Advances la the Study of Typhoid Fever, By U. J. Hiwnan. 
PmsEonlni; Mothers who i>et>eud oh the l 4 ihop of their Sou*, lo Lhinhle the 
I Jitter to Futetiw their Stud lea. By Dnm Keen, 

Plaiiu nud Uanee# of InEeroontlnentat Ralltioys, By Wm. j, W Minis. 

Roaie Phnises of Uio Early Hiitury of Mexico jaiui CoiMfql .Uuerlm. By Alc6e 
I-'or Lies'. 

The Writing of History In the Uhlletl Slfttes. By ^Y. M. Sl^ne. 

'fhe Ynine of Gas Power. Ey Churlea 13, Luche. 

Unifornilly of Oomnierclal Law throu^ont the Amerlcnn ContlneuL By 
Boseoe Ponod. 

Pan-Amorlenii Termlaolugy. By C. O. Ms II lour. 

Car Lighting In Aaserlai. By B. M. Dtxon. 

Reinforced Concrete Construct Ion for Sontli Ametlai. Hy Wtn, tt. Burr* 
The New PlillJppInr! CniTOicy SysteiiL By E, W. ICeniincrer. 

Writer Supply of Cities and Townn. By Allen Hascen. 

Use of Tertlor^' Coals In General Aietallurgy nud In the Manufaeture of 
Cohe^ By B^'ui. Huttoa BlnnvelL 
The Supply of Poinble Wmer. By Budulpb Bering. 

All ADalysIn of Five Huodned Coses of Kpldomlc Meningitis Treatinl with the 
Antlmcnlngttis Setuni. By James W+ Jobllng ami Simon Floxner+ 

Amerlonn AgrIcuUtire In Its Melatlon to Chilean Nitrate. By Wtu, S, Myers. 
Tlie Processes for the Conceintratlaii of Ora By Robert H. Rlehonia. 

Future Supply of Iron Ore. By Henir M. Howe. 

These papot«, with the exception of n small aamher which did not arrive in 
time to Bnd a place In the progmmiue. were predated fn Bpiinlsh, which wus^ 
the niaicgtt exclnaive langimge of the cougresR 
The condudlng session of ihe congrelB was hold at the university In tlie 
forenoon of Janoary Ej> and various matters of general Interest were disposed of. 
These included a dlacnselun of jnetliods of proeeduret l>ollcy% and scope of future 
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conKTEstse^, rdfltloB of lit& congresi to Borc^mijspht aiul scSmitrc, etc. A nu[»bi7i- 
of resolutions, [lassed bj tlieaectloDB or presenlEd by Uie doli^tlona, were oUered 
Rud ndopEed-* An nKTetMuem w-aa rencLed to urse npou tbE? Jo^lslatlTfl bodies 
of cbe ¥arlouB cDiintrJes represeuted tbn itdoptlon of itnifonD Uws dealing with 
Hsmmerca. Lrtt too ship, etc,^ nod a plan providing for ^icli iinlformllr was 
ftdopt^J iind will be BiibniUied to tby Hftvml govoramenbs. 

By 0 praetleiiUy nnnnSiaoiifi vote It was doclJed to hold tlie nest ineetliig In 
Waohltigtotn In Offtober, 1032, TlLis acitun wub ciiblod to thn State iJoittrioient* 
arwi J^ecFDlnry RocH rr-jsiwjtidEMj Jn tbo followlnjc naossage^ 

“ PLense ea preen to tbe Van-AmerScaa SeleaUdc ConjmsBB tho snEtflfitirttnn wUh 
wbleli till* (jovemuiEat rocolvt'a tiao niiHOUiJcvwivnt ibnl WnsIilnKton hat been 
Kioctcd a» thy ntectliii? place nf the oongrm lo lt+12.” 

A ooPMnlttec of Kve memhepi ^ was npi»tntetj to arrun^e wllli tlit‘ r>opartnient 
of State Sit WnehSnetoii for tlio npiwlnltnent of » penujinetit orpmnEiaUan cojn- 
mltteo for ilie prospeetive moyttesg, 

A fnrtfR'ell Beaslon was held In the 5mnklt»al TTjsstter on the afUTnocm of 
laiiunry nt which iStttng addrw^ were nmde by uJTlcinls and doJegnte*:® 

*ltcaalntluii, extend Ini; to t lio governing boanl and d lreclor of the Intemm- 
tloDnl Buroiiu of tbn AnaOrLoiEi RepiibUcs tli-e tbnnlu of th« Pan-Amorlcuu Scl- 
entifle CouKre® for the offer of cooperation: 

WberoJiK the Pan-Anuerlcan Solentltic Congress hasi received with luuch ssitJs- 
Action tlie cordial mceeago of greetings froni ibo Bureau of the Amerlotn Be- 
publics and ibe kind offer-of eDoperatton; bo It 
^csoJt'cd^ That the forinshl tMnks ol fha eongrwa bo tmmoalttcd to due govern- 
Ing boanl and director of tho bureau, and Unit It be roeotntnObdeil io tbo mem- 
bora of Lba orgnalznlJon committee of tbe next fRleutHle Cungresa to aTnII them- 
Belves In cTcry possible way of tbe valuable eerrlm which the bureau con 
render 

Bcsolatlon, recommending the establishment of a scetion of AmeHain blblK 
ogmphy In the Intematlcmal Buryau of the American Beikubllcs: 

Bccognlrlng tbe Importauco of i^slabU^hlng clowr n?LaUona belwecn Invest |- 
gntorci throughout the Anierlcain eorhtliient nnd of dEs^emlnutlng the r^ulm of 
sclent Ihe Inveatl nations, the Pan-Aioedain SeleatlUc Conffresa 

To t'ceoinmend to the govemldg board of the Interuatjoml Bureau 
of the AHierlrfl.n Republics: 

1, That a aiNfilftl tcctlon be estabHuhed la the rirtematlobal Barcen of the 
AmerlcEin Reimhnc^ to be known m the "Section of American BlbUOKmpby." 

2, That Ihe director of the bureau InvUe atitlioTn ami Invontlgftlara to aetid 
their pttUneaiiDiia to the burenun on receipt of which notice thereof will be puh- 
ItflliL'd In the Balletlm which notice shnil IneindQ at least a brief summary of the 
eimlents of aueh puhllciitlou ansi the price thereof. 

3. Thdt tho bureau Secure for InvEallimtora Jiny such publications nt n price 
to be Indicated la the Bulletin 

4. That the hureim endeavor so fiir as practicable to seearo offlcSal publlca- 
Boaa for Invcstlgntora, 

33. That the bureau keep n record of lie puhllslicd progress of larger scheme? 
of sct-eutlUc luveetigatioas of Pan-Aniorlcaa bcETiiig; and that It strive to brlhg 
Into dower oobtoct lovesllgnior? In the ssme or relsted dolds. 

* S, Howe, George 11. Bummel, \S\ Holmes, John Bnrrolt, director of tho 
Bkireau of AM,§tlcan Bepuhilea, and Elmer B. Browm eomial^isEoner of education 
^ixofif^o AuuKE^g or ojf, a. oowg. 

Mtt. Pit£aiin;sT, Lajiies asu Gnmiuiiarj The hunot coafemil utioii mv wdn- 
trjr UifouKt, tb£ iesisoatlon of WodUnifton a> tlio next meetlas plaw of tble 
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nnJ Rt nlpht n dlniiL^r vrm ifh^ea in llte JirM uf tln> luilrmily^ at tUvfe waa 

R geu-unnii^ us f-cclIuR' sitiiI d fltfltlmjr d!si)Titiy of onitoryr 

Krmt jiftBc^Tiihly rs lUo inoro beofitiap of Its fEjiantaiieDn:^ chft rector. 

Fur tJilH domoiiHtnidoii of oonfldeniitv Ktnal and fnitirnmt eolldarlry I vrtmt 
to tbniik you, not only hi tho name of ibe ikJe^ltnn of thf? Fulted W^fnlea af 
Anierlcn, hut aliw on hehnlf of tiint Inriser bwly of a^rlentii^tis nnd Invoatlpitor# 
who are hnbawl with ttw^ mlloe tfpirll that tuis iictyfltftl iLIb conffrys*. qeiiI who 
now* look forward to the prlviltTft of woJcomUig to our shore& the nwu uiwu 
whose elTorl^ tho i^popreas of thli? continent dojienrti^ Wo cau not hojK* in fiuriwi^ 
the LoBplKilSty of thlst (treat repuhUt, hut wu can iirwTjro you that the welucsiiO 
wni bo no Iiw alnwre, aiul the iloturiiiltmtlum to |>IfLce ovcr>^ pwlhle faelllty at 
yuUff aiBt>uaal, DO offoctive thun Ims boon the case here In ChUo, 

VIow^hI hi Jt39 itroiK-r i^orspcctlve, this congroM has been one of the moat 
cstniordinary nkv-Hemblaffoa of niuJoru tinier; matt! oitraonlliinTy In many re- 
Umu either The liujgno or the PnmAinefleau eouferenccs. That a largo 
RTouiJ of men, reproeentntlvos of every section of a gmit continent, should he 
able to together uiwV costing aside all petty jircjudlcc#* ftiwly and frankty 
oxelinaMt; tbo refiults of their -cnrefnl inveatlflint^^JTis nnd rl|>e esporlcnet^ la not 
only a tribute tn tho culture of thlrt conttnent, but le nl-So ntt lud lea lion of the 
exteut to wJilcLt our Ideas have advcioccU U^yond those which wo inherlttid from 
our Kuropoflo mother cuuutfh'*^ 

The faet thut we have met tu plneo the results of tile befit Bclontmc tbcmF^ht 
at ihc iUB|jOKal of all the cfinidrles here reprewenled, and tUreugh them at lha 
eervlct? of the eJvIlized world, ooutnLns a lesson of deep and JaBtluK Import 
which no otbi-r aisaembly of luoilern times has been nble so ehinrly to tmpreBs 
upon the clrllkt'il world. 

The lilstorlau of the Ltitelloctiial dovolopmonl of the American continent. In 
reviewing the work of tbc«o nty^embllu^ wMl probably give to the Santiago 
conj^ress the honor of hnvlng el^sarly deiaonslmtCHj that the repabUcs of tho 
Amurlcaii continent, becauw of their fici’igr^Lphlcnt posLtEon; hocause of tho 
peculiar iroudltlona under which they were stHtliHl: ami beenufie of tho iiiccln] 
rncioi pfobloma which they prt-senl, nro confronted by n ncrlefl of prubleins 
dlstlnc lively Amcrlean. Tho mere fact of the existwicc of these problems In- 
TOli'cfi an obUgnllocu not only to ourselves, but to the dvIJbficd world to concen¬ 
trate onr efforts uiM^n tlioir Mullotip Tbrougb thdr aoltitlnn w-e can make that 
contribution to the infogrtfsa of twinklnd which the world has Uio right to 
expect of DEL 

We con best hope to do thtf by carrying to our rwiiecttve couatfiefl thn 
spirit that has hovered over this cangtoisa—that of service In Us broaden and 
highest sotiML. llilH spirit of service munt be made the keynote of our national 
jiiid of our Internatloikal rcIntEous. Ttic republics of the Amorlcan continent 
must dcumustrate to tho civilized world that tho willingness and dctormlaatlotl 
to bo of Bcrvlcc to our follow-incD is the coniDr atone of a philosophy which the 
nation^ of tUla coniluont are dotermincd to make thie guUUiig principle of tholr 
condnet. 

I cun ICC a time, imt far dlstmnh w^hen wlUi each comiuoat of sclouce tho 
quefltinn will Immediately arlfto lu the mind of every Amorlcan^ “Uow can 
these rESults Iw made of service to the domoerucles of this cuctiueutl "—a tliuo 
whoa In ci-ery Held of oudoavor the American republlcB may coll upon one 
anottior for couniKd lu tho fiohitlan thelf prcihlenis, ft ml be corUtlti to receive 
the tK^t ox^iert advlc& Thon^ snd not til) then, ahaII we hnvo dovolo|>od a real 
qonUueulcii npirU; UioUp tuid not tlU IhuUp atuiil wu luive fuIilUod tliu f^Ugatloxis 
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Tlip ssiocSfll of tJjfl cOnfeTOS# w-ere mftKt tiotiJwoliUj'i Tfie iV€«lilc!nt of 

the Heimbllc* givkni: tlie iiffunt officUil recejiWoii, cfitertulned the foreign 

clejof^tes at dlnuien Iniitiltlona being extended to n limited nuaiber each dnj 
d^irlni: tile consri'^Sv Becontlonsi vrere glireu under KovcnmiGiit uiiRpl«« at the 
prluol[)a1 fioelnl clUbR The American lululiatert the Frenob, Lfrazllion^ imd 
Argeutltju luliilBtLTHi, und nnnjeroiia prominent eltlzena. ontertnlncj the di^tegntt^ff. 
Membeni of the Amerloan and other deleft locks xroro gu-dstii flt u miiinber of 
obaruibiF; Id the Tlclnlty of ^utLigot and the American delegation 

entcrtnlne<l fit dinner members of the oi^nlimtlon committee, ebslnuon of 
TPrinqs imtlunnl delei.^tlonR, and othei^ Visits were made to InBtltutlons of 
lenruhi^. ]HU$ciiiuri. art galleries^ hDBpIlalo, nnd manufacturing eBlabllsbiuenlB^ 
nuU no eJIort was m»*3red by the ufflctala nf the congress lo luake the rlatt iif 
the fort>1gn dolegateB enjoyable ainL proUtnble, The writer wishes to extiress 
hlfl piimiuat utipreclAtlon of these cohrt«iies and fittentJona, and to fisiy that he 
filP|>mnc]icil SomJa America somewlntt oppressed by the thought t\mt ho ahoiild 
and himself a sttangar In a strange tand, hut Uiat, on the contrary, there wnB 
not a liny of the two months spent in the Latlu-Ajnerlcan cnnntrlofi on whleli 
hi* wna not made to feel entirely at boaie and among appreciative and getn^rouH 
frlenilR 

The iinlVLTsal feeling nt the close of ihn cotigreBB was that the meettng Imd 
fully Jiistlflod the phins of Its projoctors: mnl the story is not entirely teUl 
when it Is statoij that the elabonkte programme, covering nearly evor>' branch 
of sejenco, wtis Hiiccenafnlly carried out. The more Ibcjughtfnl find hi this and 
In kiuilred ossomblages mack tlmt Is of fllgalDcance for the future of the 
American republics. This conjrress w^as a derided step la iho direr lion of bring¬ 
ing about a better ondcrsitundlng among the nations represented. It was a step 
Piwnrd a fuller uppnM^latlon of the common intorests of each nuil every Anitfrl- 
caa nation. It was an oppreclable forward stop in the Elovetopment of the 
menus and methods of promoting the common Interests nf the eontltkent. It 
wns a Htep tiiward making tlio experSonce nnd the accumhlnted wlsflom of each 
pfople ropresuftted the ex|ior|ence and wisdom of all. Tn the s<fCtlon of ikotla* 
goKy the best that bHs buen develoiicd In the theory and pnictlw of teaching 
was mnde the common property of all the American fcpnbltea In Uie F^’tton 
of sanitary oth| medical science the lnte*t fichlevctnents of each nattnn In the 
baltie with dlmpc were made famllinr to every participant. In the wetlon of 
agriculture ami soolechnlcs steps were taken la the direction of properly utiHsr 
luff and cooBom lng the resoarccti of the condaent In ihepe Important realms. In 
the section of engineering the best methods of ovcpeonilng the i^arlous physical 
obiclnelcs to progtraa and of wlnuLag the riches of the earth ’iven; explained for 
the b^meflt of all America. In the section of govcmmimt and law the principles 
of stnlccraft nnd the admial$tratlon of jnstlca were dlBcnssed for the beneftt of 
every American Eovemment. Tn the flection of the fiscal flclaacefl pmcHcnl 
methods of condneting thi? monetary affairs of the nations were preseutod and 


which onr privileged position tn tho world s nlTalra has placed apon na I an 
imjagne noj^tur distinction for the next eongrea^ than the poBalbtUty of 

Ud^taf iSSf^.*^*** tfcvelojimimt ot tUte spirit of wfvice aua af eon- 

AhiL n<*w. In cloAine, Ipt mn a«Dtn <>xteii<l the UinnkB of tlto dclomtlon of the 

rnKtHl of Anicrlm »o ^n. th« m«nNn* of tb. orga “zEor Sr 

your hroua gntzp of tUo „„rro«n of ,bo ccn«r«s nml the »klll with 
piiri’oiKR bswc hcen lUAttc real and ctfi-otlve: to yon otir 

and ittoplt of CliUe tor the warm-henrictl liosplidllty whleli we have enjoyed. 
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cxploJncHL And In brmodi of scIciijci^^ pmctlml anil abstract, tbe 

i-mfioaa forces and ageacl>es tiutt contrlbtit# toward prograss and cnllglitnniDant 
woi^ la a laeasara tbe snbjocc of serlons attantloiL Tlie congrasi was an \n\UaJ 
step toward multing tlie beat af aU tbe peo^ilea of tbe Western Hetalaplifi% It 
was AD initial step in malcUig tto bast, far and for all time, of the 

resources of tbe oonUaent. It was on initial atep wbJtdi In maoj waja must 
Doaka for tbe peace and prosperity of tbo contlnenL It was a no to worthy step 
In coafoimlty with manifest deallny ne e^epressod In tba pbniae '^America for 
Am erica nOt'' 

The success of tbe eoagress of 1&I2 depeada upon the Interest displayed In St 
by tbe seientlDc worlil and on the sapporl accorded by the Pfin-Aniei'lcftn gor- 
emmeats. Tbe time tn ample, and the appolntmetit of an orgnnlstatlon comtnU- 
rce representative of a wide rntigo of ficleptldc bitoreab^ lit tbe drut atop In 
panhriTiB tliO WaBblngton meeting aa eroat wortby of the aetloa and Its capltaL 
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RKPORT OF THE EXECUTIVE COMMIHEE OF THE BOAUI) OF 
REGEM^ OF THE SMITHSONIAN INSTITUTION 

Foa THE Year EsiniiO Juxe 30, 1909. 


To Ike Board of Begenie of the Smithtonian /iwtiiufiw: 

Your executive committre respectfully submits the following 
report in relation to the fumla, receipts, and disbursements of tbo 
Institution, and a fitatcment of the appropriotions by Congress for 
the Nftlionai Mubouih, the Intciniilionjil Exchanges, the Bureau of 
American Ethnology, the National Zoological PhiAe, the .Astro- 
physical Observatory, and the International Catalogue of Scientific 
Literature for the year ending June 30, 1909, tegfither with balances 
of preTious appropriations. 

BMtTU. 90 NIAK INSTITtmON. 

CondiHon of the fund Jxdij t, IS09. 

The permanent fund of the Institution and the sourcea from which 
it has been derived arc na follows: 

ft.F|i09mD IN THE TBlEAHUltTr OF THE DKlTEl? ITfATeP, 


B<!»que9i of Smlth«ELp ---- --- fSlSplfiS.OO 

Rc^idunry Ififincy of ^miLbfloiip -------- „ - 2SG, 210.63 

1>ep«iU fi^Meaviii^ ol mcomrip .. 108,620.37 

BpqUOiiLof Bamillrjn, ..31,000.00 

^ccutniiiafed inlorwt no Hnmil'Usfci fund. -. -.. -- 1,000,00 

- ^000,00 

Bchqucot of Stmoott Habolp ^^... BOOrOO 

llepo&its fmm piticeedi of sale nf baiide, -- Bl+SOO. 00 

Gilt of Thomafl Ci. IlfwiskltiHi IfiOl.....200,000-00 

Purt flf Tlmmiift G. Hodffkiiia. I8fi4.. 6,000-00 

l>Gpoifit siivmiffl pf incam^p^ 1JM)3.....—--- 25,000-00 

Reflidujiry Icgwicy ol Thania^ Q* dh# .i 


Totol ttmnunl af ftmd m tlio UhSlM Status... ........ BIS. 60 

ITTHER hEROCTiailltH. 

Reo^tumd and guttmntuffd b^ifcida ttt tbo Wwt Sharo TUilmd €oTn|jaiiy, 
part of [o(^y of TbomoD G. Hodgkma (par voluo)........ |42ii 000.00 


Total punuoaunt fond........... OSOnBlfl. C9 


Alflci four mmU pieces of real eetutfi be^tiiRiithcd by Robert SianUm Avery, of Wjwb- 

bgtoUpD.C, 
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TliBt pBrt of the fund clpposilcd in tho Treasuiy of the United Suteg 
beiii^ mtoK^t at 6 per dent per annum under the proTiaians of the 
net of August 10^ I846j orgjmking the Institutbn, and ne t of Congress 
approved Jlarch 12, 1894. The mtc of intd|ida& on the West Sboro 
Kkuimail bonds is 4 j>cr rent per amnim. The real estate reoidviHl 
from RoWrt Stanton Aver)' is osompt from taxatum and yields only 
II nominal rvvomic from rentals. 


Eiatan^it of nx^pU and diMbunmentM from Jufy i, to lutit 

IIECKIPTS. 

(^^ein (lep>)ffllin tbo 8 k July 1 , 1903 *¥iS, 7119.41 

laien^ti on fund depoihixl b tto U- 8 - Tmujiini-, ilut? July I, 

1130S, undJsinaafy 1^ |5Q,G95^ 12 

OH West Bhnro RailFoocI iHindn in Jonuor^' 1, lfl00_ ^, 1, (KIOl 00 

KofifiyIliumt«i, r^Htnlts publidaUoa^, otc,,... ^ H4. 70 

Comljibutfoqa from variQiitt ssjureqa for ppecl lie purp«^^.,. *. ik 20,2S0,00 

-- 


PI^UUSKMESTB^ 

Buildb^p CM Mill . 

Furniture and Upturn.. 

Genuni] uxpquBBfl: 

Salaries..... ___ 

34c«tiiif^. ___ 

Stationery____ 

PwftaK^, U^te^pb, ind lelephone.., ,___ 

FroSjdit,..___ 

Ineidonlolfl............ _ 

_ . ____ 

_____ 

Fublkaliuns Amd tbeirdistribuUon: 

ItiseelL&nccvuE colleelJQiid. 

&c|)orlif- ... 

SpecuLl publicatioDfl.._ 

PubUcatiou HUppItffii____ 

Salaries... 4 ... 

Explomtlcmji^ ruacarcbeB, imH colJcctioqa,^^ ,^,__ 

Hixl^ms epociOc fund, rosoatchoa and jmblic&tiimff. 

Tnlemationikl EaLcbanges....**.,, , 

. 

Appaialua.^.^^^..^^,.. 


l(n,53a23 

H. 4^5, SI 
51238 


114,413a. 19 
moo 
m.2i 
324.02 
124.55 
1,15S. 59 
0 4,342T1 

---- 21,382-.^ 

.. hmof 


24Sa79 
400. SS 
3,2<i0,75 
m25 


12,m.27 
20,810.49 
3,05250 
4,2la73 
2,7I7.ej 
3.27 


Baluicti Jtuit> 30, 1009, (loposited vjeh tho Tmuuter oC tho 1J«[ted Stotcti, 


71.369,59 

!a,J7e,79 

109,536.23 


a Inctiidi^ piiTchaw uf antomobUc 
et|i€n.')qTf <d itubU! until abotubud. 


in Icbrtiajy^, 1900, auil Utatulcnance, axid iiEsQ 
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By ftuthori^^ your cxecutivo committee employed Mr. William 
L. Yaeger^ a publk accountimt of tlus oity, to audit the leceipts md 
([iabursements of the Sraitlisonian Institution during the period 
covBTQil by tins report. His certificate of examination supports 
the foregoing statement, and contniris the foliowiiig, which is hereby 
approved: 

403 WlOTOJtT BunjJTKdp 

FFotAin^ldTi^ D* iSfjaEnn&ffi 

Thp EjEcimvB CoMaiTTKE^ IloAtUi QV nEaisra, 

Etmi 1 hftvd €?3auulti<*d tho ojccoiitiii aucl vouclipra of th^ l^cnHlisotufla IiiGtimtian 
fnr tlic fipod y W Juno 30^ 1909, nud ct^rUly the follutskig to be a KJiwrt 


ataiemPDt: 

Tdtftl f&deiptB........-- $94 h700.^ 

Total diibiiratnieiiUi. * * *^+__ -.. 71,3^9.53 

Excc^ of Tocoiptfl ovijif diEi!iuriiomL'Mt&...... IIS* 410.29 

.^Diountfroiu July 1, — 18,780.41 

Dalaaco oii liaad June 30* 1909^^ ^ l ^ 33,178.70 

UalflCLCo pbown by Trea^ry atnlotnCbl Juno 30, JOOO-... ^34, SW. 91 

Los® oatGbkndln^ chi-Mrks.. ----.. 2*753 2L 

32,051.70 

OshIi ovurdmwn on pay toll Juno 30, 1009..-- ^ - 125.00 

Tnuo lial&ncoi, June 30, .... 32,173 70 


Tho voiirhera j^pruiivu ling IjaymenUi fmtu the SmiiJaaaniaii iuonme during the 
year, each of which hH.^ 4 re the approvn] ot tho eoerutiLiy, ot, in biH Bl:«ieiiCO, of the 
acting Becrotar)** ^ certUIcatc that tho matcrinUaitd ecrvicca charged were applied 
id tho puipQiseB of the InntililtlQii, have been examicod in ccnnertioii wiUi the boo)^ 
of iho luatitution and agrei! wilb them. 

YtnurSp rtapecLfully, WilUam L. Yaeueh, 

/‘u6he .Jffotdarnit/ end ^dudrW, 

All monew received by the SmithscDian Institution from intcreatj 
salf^^ refunding of moneys temporarily advanced, or otherwise^ arc 
dep<> 3 ited with the Treasurer of the United States to the credit of 
the Institution, J:ind all paj-menla are made lyy cheeks signed by the 
sccrctniy. 

The expenditurea made hy tho disburaing agent of the Institulion 
tind audited by tbe Auditor for the State and other ilepartmeats are 
reported in detail to Ciingress, nml ’will be found in tbe printed 
documcni. 

Tour committee also presents the following surmmry of apprtJ- 
priations for the fiscal year 1909, intrusted by Gongre^ to the care 
of the Smithsonian Institution, hainncea of previoiia appropriatioriii 
ftt the besrinning of the fiscal year, and amounts imcxpcnidod on 
June 30, 1909. 
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>7umu«rrri^ fi/ 


ATfOUlj^ 
■A4!r Jul7 jp 

Itel 


Bilinra Iu» 

3a^i«w. 


BmiM'-WlAiv ttikUEUEl^n, Tmlfusw lalf |p 1906....... 

SadliuaEd&n [oBtiUilim, l4 Jtiao JOp UXS,. 


•r-l! }•+ d •# + •■ ■ 


Appnvprijitldnt c44TimUCa1 hj Caea^jtm tq awv of Itw Tnitt mL^ 
IntwnatJMiil MdiiUi^, IMS--. 

l^tiftnUoinal oMbMKMp ltt»* ..............,, ^ .. 

AuLwifiui Ettuift^fy, 

ATiwrtrtm Elhnnto^, 1906. .. .......... 

AiiMfcan EtltfkoteiEy, leeg..,^^ .. 

AitfopIvTitftl 

Aitjnat^yi4cftl 1fdP$ _........ ,, .... 

AiUOptL^iknl ... 

Ifli^smUonal CiULksfue^ jflOT. .... ...... 

IiiKfinuillaEiiLl Ctttftk3w»t iBfiH. ^ - - ......... 

taUrTTHlbnod lipfr. .... ,,, 

Itatn of C»i4{lnic}4a, laK.p........s„..„.„. 

ItUEti Of Cte^nodt.lpDE,., ... 

HttUciiul MuHrfctm: 

nAldrap IM^-.-..--., 

f nrnltmif and D^uniip XDin,.. . 

FumktimfindAittirH, 1909....„.,,„ .. 

|]|f4L|n£Md b^tll3^p llMlf?,.,.. ...... 

Hoalini flii4 ligSttfiRp Jalii,..„„ _........^ ... 

llMnsind MejiLb^p HBO. .. 

Ft«iEr\-iUi>ci ofnllHlJan, .. 

I'TiiffTBCiHi nTcollnilmp iflPB_.„.... .... 

F|»rvmUan ofcoUmlobi, lyoB .. 

. 

Bmlci.™.....,,,. 

tl*il(P, .. 

Fcsti«o,]Din..^^. . 

HoUdliaE niHtn. IflOT....^.,.... 

DnUdlinii toiHEn. IBQg, 

HulUlaEnpalrp. IKS... „.„... 
lUasI Cif<rBrlutoo.pa.l«f......... 

orwEflali^, iwa, . 

IP».. ....... 

ntnUiLE^I UtuUdEp 
N alkd^^ktfk^ l^kp Ian,...., 

?j|iUqnalZoolei)nJ Park, liW6..., „ 

PariTp 

^pmirwiipMK^ pfpOTmmmt bulkUna fai’i 

Tmaafef Jtama pf w«ihi»j.ij^ 


•<• + %•■ ■•■ ■ raii 


Ktw 13 


WtionaAlp IIOTlxd iltetiibii. 


101.100.33 


ffpMT.n 

MT 


2.3ir.lT 

1D.36 



1,7» 

iSpiioaoo 

l.mil 

sn,» 

■ 34. iS 

^iH.as 

91.1« 

lA^OObOO 

i.m.ciL 

11.21 
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RETOIiT OF THE KXECOTIVE COMMFTTm lOl 

St0trintni of incoTTu fiom Uti $mih9onian fund awf mmwi, aecruid and pro- 
Mptctivcr amdfihU durtuff the Jimfl year mdin^ Jane h#0, /3I0. 

Ua1juie^juu4>3«, ... 132,176.70 

Ltae dopoffit^ for specific purpoM.------^ - - --+,^*,**^* 1,000,00 

31,17«.7a 


TnlcTvflt on fund dejimted in ilio TJ^ S. Tpcmutj-, dut? July 1, ItWfl, md 
Jotnuury 1, 1910, .*,.-..***■**..+ 50,006 00 

Interest qd West Sborti llwlr«ul boads, dw July I, lt»O0, luid Ismoary 1* 

1010-*,,-_ ______ 1,080.00 

Rxchnngc ropayninnts, side of publlcationa, irntalrt, ctc^.i..4..4^246 00 

Tfilal nvallAblct for yeiu cndinf^ Juno 30, 1010 ...... 03t706 70 

Ecisapectfully submitted. 

J. B. nEJtl>ER30Np 
Alexander Graham Bell^ 
John Dalzeix, 

Executive Committee* 


Washington, IX C,, November 8^ tdOQ. 










PROCEEDINGS OF THE ROARD OE REGENTS OF THE SMITH¬ 
SONIAN LNSTITUTION FOR THE YEAR ENDING JUNE 30,1909. 


At the luuiual meeting of the Boanl of Regents held tm ilunuarj 
22 p the foHowkig resolution wna adopted^ 

Tliat hefealtcr the Pnonl ol oC ibo Smithjionmji Jrmdtutiaa idiall 

hold ftn uiu^iii] meeiiEijf ott the niter the fiecend Moaday la l><H^t[UElbc^ and 

uoihcT raectlag on the eecaad Wedoeesilay 'm Febniaiy- 

In Accordimce with this resolution the boArd met at 10 o’^clock a. ui. 
on Decetnlwr 15| IBOSf And on Februut^ 10| 1U09. 

anvtuaia MEBTIN&, i>ecem:bbe xsos. 

Present: Hon. SL W* Puller^ Chief Justice of the United StAtos 
(cbancellur), tn the chair; Hon. Charles ’VV* Fairbanks, Vico-President 
of the United States; Senator S, M, Cullontj Senator Heniy Cabot 
Lcwlge, Senator A. O, Bacon, Represoaiative James R, Mann, Rep¬ 
resentative WiUjiLtn M. Howard, Hon. John Itendersonp Dr. Janies 
B> Angidlp D^. jVndrew D. Wldte, Dr. Alexandpr Graliam Bell, Itr^ 
Charley F* Chontej jr., and the Mr* Charles D. Walcott. 

APPOINTILENT OF HIlUEKT, 

The secretaiT aimonnc^d tho appointment, by joint resointion 
approved by the President Febnmry 24, HKlg, of ilr. Clmrles K 
Choate, jr., of iMiiasachusctts, as a Regent to succeed Mr. Richard 
Olncy, resigned. 

ACKNOWnEDGMFNt FROM ME. niCHARB OLNTSY* 

The secretory read the foJJowing letter from Mr. Richard Olney 
in acknowledgment of the action of the Board of Regents upon Ids 
resignation as a Regent: 

Boston, 

Bon. €SAatae IK W 41 JCOTT, 

^errdiirv^Tni<A»onum />. C. 

My DitAii Sin: I tu acknewl^go y^jur ol II 10 23d iDHtnot and to thank 
the tkioid oI E^^uld you lor tho eoniplimpntar>' terma of tha n^olutiQa, 

copy of whJeli you iaolo». 

1 am kIhi pcally obli^ to you por?anaiIy loc your couitocuifi luid Irioadly expiufl- 
oioiui and rcmalu, 

Puthlidly, 


Rechahd Olnet. 
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RESOEimON ttEI«\li V£ TO IXCO^IK AND EXPENDiTUaE. 

J!r. npndoisi^>n, eliairrmm of the executi’'"^^ committoej ofTer^jti the 
folJo'pring Tcsolution, which was adopted: 

Tiuit ihfi mci^niD of lli« Itu^tilutida for tlii^ ILval ^i>Ar Junn 30^ 

bo Appropiiii.L«d for Lbo §omec of tie Itmtltation, tobecx^ieudin! by tbo- 
tarj", with iho trjvlc^ of tho exoculivo cuOLOiiLtdVp tfiOi fuR diiMrn;tion on tbo poji 
of tbo iiocfttiny ^ to iloim». 

ANNUAL Ri:H>RT or TtlE EXEClTTm! COlfiTITrEE. 

Mr. nenderson submitted tlio report i>f the executive i-omioittre 
for tlio fisful ytfur eudmg June 30, 1005, whiclj, ua motion, wua 
adopted. 

ANNUAL REl'cmr OF THE PERMANEKT COSfMtTTEE. 

Mr, Henderson, eliairmuii of tlio permntirnt comniittee, presented 
tile foiJo^ving report: 

Tlodgliits fuTt ^.—^In Addition to the sum of S 100,000 bequeathed 
to the Institution bj Tliomas G. Htxigkins upon condition that the 
ineome be devoted to the increase and dilTiision of knowledge regard^ 
iug tbe nature and properties of atmospheric; air, which sum is od 
deposit in tiie Treasurj' of the United States, lliero is now deposited 
in the Treasury to tiie credit of the Smitlisonian fund the sum of 
$1 >17,015.09 received from Liic Ilocigkina estate, the income from 
which is, in uccordance -with the direction of the testator, devoted 
to the general j)ur|jc]scs of the Institution. Bedsides the regular 
income of 6 per cent per annum on these portions of the fund, 
the Institution has received semiannually a dividend of 4 per cent 
on the West Shore Kailioad bonds, of the par value of S42,OOQ, 
accruing to tlio Institution from the Hodgkins estate. A number 
of grants have been authorize!) from tho Hodgkins fund during tho 
year for the promotion of reseaiclies relating to subjects emliruced 
a'itliin the expressed purposes of the foundation, and a prize of 
$t,.100 has been offered, in connection with the recent Intcmationai 
Congress on Tuberculosis, for the heat treatise “On the relation 
of atmospheric air to tuberculosis, “ 

Andrews estaie .—^Tlie decision of the supreme court of New York, 
appellate divkioti, in April, 11KI7, affinuing the decree beloa', w'hlch 
gave tho resiilue of the estate of Mr, Wallace C. .\ndtewa to tho 
Andrews Intitule for Girls, at Willoughby, Ohio, w'os, upon appeal 
by tho Smithsoman Institution, affirmed on Febraoiy 25, 1908, by 
the New York court of appeals. On motion of Mr. Frank W. 
Hackett and Jlr. Edmun<] Wotmore, counsel for tbe Smithsonian 
Institution, a writ of error baa been oUowcd by Mr. Justice Peckbum, 

4374$*—an ltK»0-S 
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of the Supreme Court of the United StateSp to Mipreme murt of 
tlie State of Xow York, the contention of coiins£-l Ijcing that the 
court of appi^alf^ dhl not give fnll faitli luid credit to the constitution 
of Ohio in rcijpfTt to prohibit mg the gt^nend assembly of that Stale 
froni pfkssing speciiil acts conferring cotporate powers. 

fstitk .—^The Irwtitution lias continued in possesstion of four 
parcels of real estate hi Washington City, received under tVio bequest 
of ifr. Kobert Stanton Avery. Three of the^ parcels are improved 
with frame dwellinga, under rental 
Spmgu€ and AVfd —As has been previously atattHl to the 

board, the residtial Icgaciea flceruing to the Instittition under the 
wills of Mr. Joflcph White Sprague and Mr. Add bon T, Jleiil are sub¬ 
ject to the dembe of certain enumerated h^ateeSj and it is probable 
that no actual income will be riwivcd from these bcque$t^ for some 
years to come. 

On motion, tlic repiri. was accepted* 

ANNUAL fiiieoirr of the secbetaht* 

The secretary pmsented hh report for the fiscal year ending Juno 
ao, lO&S, esqilaining that it ha^l been a!n-ady transmitted to the 
members of the board. 

On motion^ the report was accepted. 

NATUSAI, niarORV ESPEUmoN TO AFHIOA. 


The secret aiy read the following letter: 

TUK WHITE WASHINGTON, 

.*1, _ Ovifrjsa BaTp New Yohe, JuntiO laott 

Mt Dk*i[ Doctor Aboul the Isi of April n^t I int^ind tourtart for Afri« 

*' >» •»ou.i"8 ™ 

r*"'- 

t.™, 1...;«to fc i™... fr."? "“"'‘v" 

lie* only of tho biif pwao ^acionaj Lq get i fine colletj-i,, 

wll wake UT,Dfi«moTj to ^ ^ ^ 

itoufd lifcp to dq^OUid ' 

iato, to p, with wo, wb, .hoLtW pt^poioSd ^STb f 

Mllwtioffl which -ould thus HO^ b)^ 1 back the ppecjmcoi. wa colJ«t. The 

It would, 1 hope, mpludarmsLSsorbt ^ 

mud bu ds. 1 h* vc not tha ratsuus that ^ihef with tho two .mailer animal* 

or imsidormirtH and thair tit, and tha j ” ^ naturalists 

l«f^ and th€ coring and cT ibe Bpcdnwoa for tho 
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Nnlioo&I MtLieiiiii, Of <wun« ihe scliuil of the big eamo I would wurit to do 

d]>-mU, or Wo my sod do; but the ipwinictui will all go la the National Artnteum, bdvo 
a very fpw poimnnl trophies of little scicnlinc vnlue wliioh for jwmo naegn I might 
like i« Iccep. NVor, cat you, in view of getting these s]>{Tiniciis for iho Naiional 
Museum, armttge for tho scrvicei of the field tasidennute, and f« the ewu and tmee* 
jytrt of the spccimetL-.? As ejc-Proeidenl, I should feel that the National Musenm is 
the museum to whieb ley collcctiou aliould go. 

With high rc^ud, sincerely yaun, 


HOU. CI14HI.EA O. WjlUC'OIT, 

S/tribirif, Smiihte/nian 

FTolfcinyton, D. C, 


TBEl>{)nBK HoOflBVKLt. 


The s«iTpt(irj' went on tn say; “A copy of this letter wits fonvariled 
to me in MunfanH, and I telegraphed that wo would endeavor to 
proviiio the ni!c¥,aanrt^ fnnda. On my relum to Washington 1 put 
mytself in communii-ation with several puhlir-spirited men who are 
friends of the Institution, anti succeeded in obtaining suflieient money 
to equip and send tiie expedition to Africa; and there are assurances 
of adttilional sums to meet the further expenses that will necessarily 
lie incurred. 

As to the personnel of the expedition, the following gentlemen 
have liwn selected by the Institulbn to accomjiany the President* 

“Maj. &lgar A, jMeams, a retircil oJlicer of the Medical Corps of the 
Army, will be in charge of the Smithsonian party. He vrill be the 
phj'siciau of the trip; he has hail twenty-five y^ia’ experience as 
an army doctor, and is also well known as a natin^list and collector 
of natural history ajK-cimens; while m serrjea in the Philippina 
Islands, he made laige collections of biivls, mammals, and other 
material for the National Museum. 

''.Mr. Edmund Heller, a graduate of Stanford University, is a 
thoroughly trainetl naturalist, whow special work will be the prepara¬ 
tion and preservation of Bpecimens of large aiiimals. His former 
expeneni'c, when associated with iMr. D. G. Eliot and ilr, Acklev, of 
the Field Col^bian Museum, in collecting big game animala in 
the same portions of Africa which Mr. Roosevelt wdll visit, will be 
a valuable usset to the expedition. Mr. Heller has had large expo- 
rienco in animnl coUecting in AJaska, British Columbia, United States, 
ite.xico, Central America, Dud South America. In the year 1S98 ho 
iiiado a collecting trip of eleven months to Galapagos Islands, start¬ 
ing from San Fmndseo. He is a bom and entbusiastie collector 
and a wcll^quippe4l naturalist. He is also the author of scicntinc 
papers on mammals, birds, reptiles, and fishes. At present he ia 
assistant curator of the Museum of Vertebrate Zoology of the Uni- 
Tersity af Cfilifortiia. 

Hr. J. AJden Ijorin|^ is a field natumlbt whose tmining comprises 
servico in the biological sun-ey of the Department of Agriculture 
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ftn<l in tho Bronx Zoolo^cat Pnrkj Now York (Sty, as well as on 
numerous collecting trip® through BHtush America, Mexico, and the 
United States. He is of nrtlent temperament tmd intensely energetic. 
In August, September, aiut October, 1898, lie made the liigbest 
reconl for a traveling collector, having sent to the United States 
National Museum 000 a’ell prepared apccimena of small mammals in 
the three mootlis journey from London through Sivcden, Germany, 
Sa'itieerland, and Belgium,” 

In reganl to the matter nl funds for the expedition, the secretary 
said that in addition to the statement he had just made he a ould 
retni the following notice which had npiajared in the puhhe press; 

“President Hooaevelt decided Inst spring u]n)n tlie proposeci liunt- 
ing trip to Africa, ami during Llie summer Secretaiy Walcott learned 
that the President was willing to have one or two naturalists accom¬ 
pany him from the Smithsonian Inatilulion, provided their expenses 
could be met; and also that ihc collections made by the President 
and these naturahsU were to come to the Smiilisonian Institution 
and ho deposited in the Unitcil States National Museum. 

” Mr. Roosevek will pay all the expenses of himself and his son, 
Keriiiit, in connection with the proposed trip, incUnling outfitting 
and trnnsp<»rtaiion. 

“The expenses of the three naturalists sent out from the Smith¬ 
sonian Institution will be paid by funds provide<l for the purpose, no 
part of which is derived from any govemment appropriation or from 
the income of the Smitlisoiiian fund. 

“Mr. Roosevelt will not receive one penav of the fund for hb own 
or his son's use or expenses; on the contrary, he makes a gift to the 
Government of specimens worth many lliousand® of dolkm, and 
possibly of a value that can hardly be expressed. He will got nothing 
from the Government; he will give much of value to the Govern¬ 
ment; the Ciovemraent’g share will be limited to receiving tho gift.” 

^ After discussion, the \ ice-Presideut olfered tho following resolu¬ 
tion, which was adopted; 


JUi^tvrf, Thai the Koaitl ot RcgetilA of the Smithaenliui lOTtitutiec exprotv to 
Thtiodetv ^veli o( the United State*, tte apptecistioa n| bie i-ety 

ofTer eea^ned in h» letter of the 20th of Jtiae, im, to the »ecrotary <5f 
the Invtitatioa, with r^t to hi. wpeditiai, to Afiioa, and that it aecepi the 


Doctor White said that he thought it might be well to complete tho 
reaiiliition which had been offered by the Vice-President by adopting 
r * * 1 ^** aewtary should be requested to return the 
to the genllomeu who bad so generouslv coo- 
tnbuted to roltet-o the Smithsonian Institution of the ejqw^e® of 

hw * f Ti of the misiuxderstanduig that had arUen 

y ason of the hml published statement that the expedition would 
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bo outfitted by tbo Iriatitution. and he thou^hi a resolution of thanks 
due the gontlemi^n who had displayod such public spirited citizenship. 
On mot ion, the following: resolution was adopted: 

TIsnt the tban1» oi iko Bo^rd at sif Ibc SmillLWfttftai Injlilulion 

to conveyed by the iocrcSaiy of tho to tbo doodle wto hsLV^ #d j^norouHly 

conlribiiiEjcl funcb La uiot^t the (?s|Hyis» of oiitiimluitA who will BTr^tfniMKiy ThM- 
dore RoopevtU upitu lib espoditioD to Africa, tlio touIu of which will bo pix^M^ntodf 
by Uic Pr^^idoiit to tho SEalth-wbiaD lariLLtutloii for tho N'aliDnBil MU4»ouia^ 

FROmStEO hASGLEY AlEUAf, ANP T All LET. 


The sooretaty" reiul tho following letter: 

HitlN^ BimaAflUt near IfAnnEcir, E^ova EkonA^ 

l^tcembiT S, l$0S. 

Hnn. C. n. W'ALCflTTp 

InrtUutli^, WtoAiw^lon,!). C. 

DfeAa SEORKTAar Walcott: Tho WriplitbftUbore mi? boitil? d<?*rvedly boaored m 
Edrcpc. Con noi Aiucrica do anything lor tliOtuT Uliy d:iould nol the SmiLhBouiui 
TuffOtiiiticm give a lauL^lay medal to oAeourigo avbtiua^ 

YfflJtB, pinc^i^ly^ 

Ar.EXASDKR Guiiam UrLL. 


The secretary said that Secretary Langley ivits undouhteiHy tlie 
founder of the ]jresent aehool of aviation; that all the studenU of iLe 
subject w'oro now adopting the principle which he amiounced, and 
it would appear tn lie n proper action on the part of the Boanl of 
Regents to recognize his work in this subject by the estabJishmant of 
such a medal. 

After ili^ussion, the following resolution was adopted on motion 
of Senator Cullom: 


iit9Qivtdt ThAl tha Uoflid of Rc^gentii- af Smitbwama EiiftitiJtLQQ cfitabliAb a 
m^lal tn be bnawa nd Uie "'[Jintdey tuEidal," to be awarded far {rpociolLy meriLonaua 
luvedtigatiDnii in couaectioa with the bcidrcc of acrodraiiLicfl mid its appLicatica to 
avintiea. 


Senator Bacon said that further recognition should be giv™ Sec¬ 
ret aty Langley by the ercctioti Ln the Smithsonian building of a 
memc^rial tablet setting forth his services in this important Bubject* 
and^ after discussion, ^nator Lodge offered the folbwTng resolution, 
which w'as adopted: 

Eofftr^t That tho SotrifLajy of the SmiULpaniim failitatioo bo roqueotad to report 
La tho Briojti of Rtigoatd ^ pdcii aa praftfLiilble upoa tbo crocUoa in iho InHtitDtioD 
builditi^ uf a labloL La tbo rdeniory of fk^rehiry Longloy, Mittuig forth hli SfirvJoefl m 
coDneciioD with tho aubjeei of aorml tMivigaiioii. 


EECRirrABY'S STATEMitffT. 

of Amjftant Seeretanj Adkr . — I greatly regret to report 
to you that Dr. Cyrus Adler^ assistant secretary of tho Smit lisonian 
Institution, in charge of the libraiy and cxchangesi ted|^ed that 
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position on October l&OS^ removing to riiiJnslelphia to n^roe l\m 
presidency of The Dropsic Cfjllege for f lebrievv and Cognate Learning. 

Dixjtor Atller enteied the service of the Institution in ISSS as an 
assistant curator m the National Museum. In 1892 he was appomtecl 
lihrarimi of the Institution^ and in 1D05 booamo assistant secretary, 
llisscmce of twenty years was marked by a wonderfid grasp of detail;, 
and he was an mvaluable aid lo the secrctaiy iti all matters pertain¬ 
ing to the scope of the Instil utton's work ns well as to its m^tiijuist ra¬ 
tion. Me was a man of keen judgment and wide eulturo anil an 
esct'edinglv useful mctpljcr of the Institution's executive force. 

Ik^th of Prtf. Oti^ T. —It la w ith fleep regret that 1 have 

to announce ttie death, on Noretnher 5* 1908, of one of our strong 
men, Prof. Otis T.. ^Ias<ui, who had bt^oii a^soclatcifl wdth the Institu¬ 
tion since 1873, first us a oollaboratc^r in ethnnhjgy^ next as curator 
of that branch, and finally heail curator of the departmeni of 
anthr<>polug]»'. Professor Mason waa IjKim in 1838^ so that his lifi.! has 
lieen almost cont#m|h>raiu^>us with the Smithsonian Itmtitution, and 
he bears an honoraldo share m iU liktojy. His agreeable qualities 
aa a man, bis eamestne^ in his w^ork, and hia contagious enthusiasm 
rentier tliis li^ss a most stvvere one to the Institution. 

TuUmihm CQnifTfss—In compliance with the direction of the 
President, the new building for the National Museum was selected for 
the nice tings and exhibits of the IiiLcmational Congress on Tubercu¬ 
losis,^ ^10,000 being placed at the tlisposal of the eecretary for the 
requisite arrangements hi this coimcctiun. 

The plans for the adaptation of the Imilding to tins purpose were 
. put in tlie hande of the superintendent of constniclioji, Mr. Bcrtiiinl R. 
Greeni About 100,000 square feet of the building on the first an^l 
second floora, exclusive of the south wiugs, wer^^ used for the ci^ngress^ 
and mdebte<lncs^3 b acknowledged to the War, Navy, and Treasury^ 
ilepart'Uients, and abo to the Bureau of American Republics, w'hich 
supplleti the flags of the United States and of foreign nations for deco¬ 
rating the halls. 

The congress oficnefl on Septemljcr 21 and adjourned on October 
j t I ^ traces of the convention had been removed 

and the buUd^ was again rc^ady fui the resumption of construetion 
operations. The oiiount cxj^ided m fitting up the building for the 
congress was 824,321 ^€18* 


4o rotates of 


Tliirty-onc ini Iflpnni lent tuitions ami 

. Tlio™ WOT 438 OTilrilii.loK, ■‘•Vwhoiirsii' wOT 
CIIIZOT. of h. L’mcd State,. Tit. lot.J .ttOTlutce to tl» ooognte 
was iiiiproxiniat«Iy ! 48,000. ^ 

.\nione the contribulons to the exiubiu, the Smitlisoninn Institu¬ 
tion pri^emed the ^Its nf an inirestiKsUon a.mmp eartain of the 
Indian tribes, for the Department of the InujrlorJ^ith a view to 
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showing Lilt* actual ainoutit of tuherculcwis existiiig. Tliis work was 
prepared hj Dr. AlciS HnJliEka, of the KatioDal Museum, who visited 
(hr Menominee, Sioux, Quinftultt liupa, and Mohave tribes. The 
*:uugress ^)tpresso(l lU appreciation of it hy awanling the Ijistitution 
u gold incda]:. 

The Bccretao' added that the prize of Si, 500 olfcreii hji- the Institu¬ 
tion for the best essay “On the relation of atmospheric air to tuber¬ 
culosis" hail aroused widespreatl interest among the students on this 
siihject, mid haj:l resulted in the receipt by the Institution of eighty- 
one papers subuutted in competition, All of these hail been refernxl 
to a eomiiiiitee for cuiisideration, but the award had nut yet Iwen 
manic. 

V^se of li iftreet norQi^ of NaiioTial Mvwvm as o mjarift jitaei , — The 
secretary stated that tlie new huihlitig for tlie National Museum 
would 1>c occupied during the cojning summer; that the mxupatinii of 
B street nortlv of this building as a market place was a serious ob¬ 
jection and that it was very desirable that the street be vatrateti by 
hucksters and market men. On liehalf of llie executive cmmiiittce he 
offered the following resolution, which, after discussion, was ailopted; 

Jttiah'ed, Thit In tlto juUnniont of ihft of ReRcntfl of iho SiniUMonisn iTirtilu- 
don, piovijiioii #hou1d be mado at tbe nrU^t pncticabla inomiMit for the abrlition of 
tbr uM) <ii R HtiiMt nurth of ibo MadonoJ iluautiui, between Nlwdi uiiil Twelitb Plreela, 
SM A miyrket 

] t was auggeated that the Commissioner of ttie District of Columbia 
be communicaied with before calling tiie attention of Congiess to tlie 
matter. 

Prisf fssay on fslieries.—la response to an invitation from the 
Internation id Fishery Congreaa, the fourth session of which wjis held 
in M’oshington, Septetnhor 22 to 2lj, IDOS, the Institution made on 
allotment of S200 from the Smithsonian fund for tlie Iwat essay oT 
treatiso on “ iutemationai regularion of the fislierica on the high seae; 
their history, objects, anfl reaulta,” 

As announced by the general eecretarj' of the congress, the award 
was made to Mr. C. H. Stevenson, statistician, U. S. Bureau of Fish¬ 
eries, and the amount has been paid to him. 

Trojuffer of Grcenough'n Washingtan status to tfa SmUhsonuin 
/wsfitutTen.—The secretarj* said that on January SI, 1908, Repre¬ 
sentative James R. Mann introducotl in the House a joint resolution 
(fl. J. Res. 124) for the presentation to the Smithsonian Institution 
of the GrceniougU statue of Washington, iDcatcd in ilie Capitol 
grounds, “to aid that InstitutioD in its efforts to establish a national 
gallery ™ the city of Washington." The resolution was rererred 
to the Coinmittoe on the Library, from w'hich it was Toported, Btriking 
out t he reference to tlie national gallery of art. The joint resolution 
was agreed to in the House on March 17, IMS, and later reported 
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from the Senate Committee on the libraryj with ftmendments, 
changhig the words ''pre^nted to'" to " transferred to the cuatiwJy 
esfp'" and modifyinif the title aecordmgly. The runeiHlmenta wore 
agreed to b)' the House and the measure reoeiTed the Prealiknt'B 
approval in this form Ma}" 22| lOOS. 

The general deficieney act as approved May 30, 1008, appropriates 
S5 tOOO for the transfer of the statue from the plasa in front of the 
Cafiitol to the Instillition, untler t!ie direction of tlie Seoretorj^ of the 
Smitlisoiiian Itij^titulion and the Superintendent of the Capitol 
Building and GroundsH The c'X|wnse of construetion of a foundation 
and a marble base i$ to be provided from the sum uimted. 

Tlie stntue has l>cen moTe<l to the lawn to tho Bouth of the w'eat 
wing of the Smillistmjan huildingp where il is niw tomporarily housoil. 
It will lx? permanently placed as soon as the ne^rossary foundation 
has been constructed in the hall at the end of the w'est wing of the 
building. 

FrriT coGrcfiofi.—The secretary stated that in response to a sugges¬ 
tion from him, Mr. Charles L. Freer had sent him a eondetmed iis^t 
of art objects, tlio Lille to which had already been passed by Idm to 
the Smitbumian Institulion. The list follows: 


PictUTW by D. W. TryciD ia ail, water color, aiid paj>tc!l. - ^ _.... 33 

Fif turefl by Thomas W. Dcwki^ in oil, water eolor^ |i 4 i^eJ 4 and eilver poiat.... 24 

Piciun^R hy Allkotl n. Thjyer in nil and water color.. ... 10 

Fictuna by J. McNeill llihpilisr m oil, water color, potffelp pen and pcincU 

dmwiligR, engnivin{^p t'ltcbi^gp, and litbograplifl.*4 4,^.,,... I 07^ 

Oricotiil paintinj^: 


_____ 

FjsneL).,^,.^, .. 

Klikemruio- 

.. 

AjllUnW. .. . 

TiboLwi __ 

Orieiitnl pollcry * *__ _ _, 

Bronzes... 

MiKoUimi^aiii Eg^^ptton arid other objects 


143 

m 

]:i 

4 

13 

n 

2S 


Toud number of nbjecta 


2,^73 


The setTctary continui^d that during the past year Mr^ Freer bad 

secured n great (led cif valunble mutmal timt would bo addetl tu tho 
collection and it was vcjy prebabla that wUh thcso additions the 
entire coUectioa at present represented a total cost to the donor of 
abtmt Sl ,tKM),O0lJ. 


vational gaUa-i, o/orf.-Tlio score 
J!3„Ti ^ ^ feuinmcr it was espccteil t. 

Wura\'rr " ^ for tho Mom 

Tl?fl ' ^ devoted to the natural bistory coUectious 

Iho pre^eut Museum building wonld be assigned to 
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exhibits, ami the^ Smithsonian building would be used for the fine 
arts, if suitabJe proYision f()r the mieption of the paintinga could be 
madc^ 

At its last meeting the board lecomnicnded that an appropriation of 
$00^000 be aske<! pf Congress to be used in adapting the loigo antliru- 
pulogicaJ ball of the Smitliscmian building to thia purpose* The 
estimate was submitted hut had not been acted Xipim hy Congress. 
It was hoped that the matter would be taken up at an early tk)% as 
it was betomiiig more ami more necessary to make adequale provision 
for tlie coUcotiotus that were being prefsented to the national gallery 
of &rt> 

MEETirra, febextahy lo, inoo. 

Present: Hon, U. VV\ Puller, Cldef Justice of the United States 
(chancellor) I in the chair* Senator Cabot Lo^lge^ Kepresenta- 

tivo James li. Harm, Dr* James B. i\jigeUT Hon. Oeorgo Grsy^ and 
tho socretaiy', Mr. Charles D. Walcott. 

AWARD OF LANGLEY UEDAL^ 

The secretary stated tlmt since the adoption of the resolution es¬ 
tablishing the Langley mcflat he had appointed a committee of award 
composed of the following gentlemen, of recogmsced attainments^ m 
the science of aerodr&mi<:s: 

Mr. Octave Chanute, of Chicago^ chairman. 

Dr. AJejtandcr Grahani Bell. 

Maj. GcoJge O. SquieCy S. Army. 

Mr. John A. Drashear, Alleghenyp Pennsylvania* 

Mr. James Means, formerly editor of the Aeronautical Annual, Boo- 
ton, Mass4ichusetis. 

Senatur Lodge said that tho results attained hy the Wright broth- 
em would certainly entitle them to the Langley metJal- Ho had been 
in FarU last summer during the Eights of Wilbur Wright and had 
noticed the great interest aroused by them and the marked TOJogiii- 
tion given Wrigbt by foreign natic^ns. He thought that the United 
States should also honor these citizens for their great work m lliis 
science, and ho was very anxious that they should be the first recip¬ 
ients of the Ljingley mod ah Theieforep while he did not desire to 
interfere with tlie eonmuttee of award appointed hy the secretaty, 
he w as anxious that initsiediate action be taken, and lie thought that 
tho committee's hands might be strengthened by a formal exprea^on 
of the boarfL He iherefaits offered the following resolution, which, 
after discussion^ was adopted; 

Rtiolffd, Thitt tho Laagley mc^diil be mimdod %q WOb^ir md OrvILIe Wngbl lor &d- 
vnnrlnjf ihe of acPudfoaLLca la Urn ta nvlAtiaa by their opoeeaful 

iavestigutioiis and dempiuftcatipai! oE the praM^ticabiUty af Qighi by imn. 
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CUAJfOE OF DAY FOR MRETINO. 

The i»aeretaiy ftpoke of the praotioat impoesibilitj of getting a full 
aitenilaiice of the Congresaionol Kegeute on ^Vodnesday, owing to 
coitmiittee engagcnienta. It was then suggested that Thursday Im 
auhstitutcd for Wednesday, and Senator Lo^lge oltered the following 
roaohition, which wiis ailopted: 

Haolud, Thai henailer this Bomij of Regents of the Stnilbeaouiii Institution Anil 
hold thuir nnnual meeting on the Tueedn)- after the aiseoud Monday tlocombcr, and 
another meeting on the aceond Thuiedoy in February, 

nABWIS CR|,Rtl RATION, 

The secretary stated that in June next llw* University of Cani'' 
bridge would celebrate the one hiindredth auniveraary of the birtlt of 
Charles Darwin, and that he had thought of attending the coEti- 
meuioraticn as the representative of the Smithsonian Insiitutioti. 

Doctor Angell siiggcatcd that it would be appropriate for the 
board to formaUy designate the secrotaiy ns the representative of the 
Institution at tlie Darwin celebration, and he ollered the following 
resolution, which was adopted: 

That the Seemtary of tbo SmithBoainn Iniititutbn bo ihnlgnjitiMl the 
■pca-ial ropruMuiUlive of tbo Imtitutian ut dm coaunomointion uf tbo contenory u( 
ChurUw Dorwin'a birth, to be held at the tTnivendty of Cambridge, Enelimd Jtino 22 
to 24j 

Ml^CRI.LAXEOUS. 

The secrelarv spoke briefly upon the progress in the several de¬ 
partments of work under the direction of the Inalitution since the 
Iasi of the board. 


ACTS AND RESOLUTIONS OF COKRESS RELATIVE TO THE 
SMITHSONIAN INSTITUTION AND m BRANCHES. 

[Contlaunl Iwin fin^riguii ftrfKirtiLj 


^yjTtiJif>jiij,?r isjrriTimojf, 

|:viiTirAo^t.v\ For cum, ami liiairttctia^cjc of 

itoftiflti KTouudK, tlimt? Ibnui^nil dolbrn. (Appravod Mttmii 4, ItKJti; Huilatofl 

XXXvr. 

Watciimi^ls, Giomns: For day watchtiica hr follovi^: Oao In 

FrflQkEin Park; ono In Lnfa^otto Park: two m S^mltliwiilnii ^Toauda: oao In 
J«i:llclnjy Park: one la Idncola £*arl£ ami adjacent rrservatlc^is^ ono at Iowa 
Clrcl*?; cnt at Tboiuatt Circle uiid nclgMAoriaK matervatlotiB; one pt Wjm^hlnirtoii 
CTmle and Hul^^!lkJrla|^ rej^ervaiioiis: one at Du^Ktnt Clivlb and nelghborlu^ 
Tcsvr%'atLuiifl s one at McPticrwin a ad Farragiit t4irkB: oijp at Stanton Park pad 
nLdgfbtH>rlp^ reservations; two nt Hilary and i«irk&; one at Mount Ver¬ 

non i^lrk and adjacent rcBervnllonif^ one for tlie grccnlionsi^s mid inirecry; two 
at }^undB Hontli of Executlio ilaanlrm; oao at Carllold Park; one nt Monu- 
jueiit I'ork: and one at Shfonuiijuiit Park Annex IFotoniac Park) ; twcutx-onc jp 
all Pt KevL-n 1i and red and twenty dollar^ eochp fitteen ttioiiAnnid one huadml 

IInd twenty do!lam 

F'or nli^lii wPteJimea aa follLiws; Two in Smltlusiinlpa ^uiiila; one In Ju¬ 
diciary I^rk: two Jn JJA^ury and i^efiton {urks: one hi f^rDuinLB aeutb of Hxccu- 
the MphnIihi; one In ^[enunieut Fork; one at MonnmeDt Park Annex (I^otouiac 
Park) j and two in <iarileld Park; ten In all at seven kundred and twenty del¬ 
ta ta etieli, seven Uiouanad two hundml d4dlnrB^ 4Ajit»tvived March 4 llkMi; 
Statutes XXX\T, 

Pbirtiwii axd Bi?foiso: For Uio SPiltbsonlan IimtEtulloD, for tiriPtias nnd 
blndlnir the Antitipl iteporta of the Board of IteRi^tw, w ith jtonernl append Exes, 
ten UiuuMjiiMl doUarif; under the Smlthsoniun instltutlori, for the Annual 
Heiw>rtM of the Xatlonal M ujsepni, wiLk apt>eiidtX(^ a ad for |i rlutlii|f 

latMda and tilanks ami fur tke BulletJtm and Prui'et'HlEn^-K of the Xatlotial 
xMusenna^ the vdhioat^E of w^hlch sUnll not exceed four thousand coplm and bind¬ 
ing*, la half turkey or luaterial not more cxpcnslvct #tilt*ulllJe hooks nud 
Iddutfl prewnted to ami ai'itutnTd by Uiu Xatlomil Mownm [Jhmry, thlny^four 
Ihoti^iul dolipnt; for the Annual Itciiorta and Bulletins i>f the Bumin of Ameri¬ 
ca n EOmEilo^', mill for nilHcellaneotia printing pud hlndlua for the burt^au, 
twenty-one tbonsan^l dollars; far miscclinneoua prtnlJnK and blading for the 
Intenintlotuil Kxi:hang<^ two hundml ilollnru: the International CatalogEic 
of Sedentide Uteratum erne hundred dullars; the Xatlonnl Koologlcal i'arkt 
two hundred dollars; the Astropbynlrpl Observiilory\ two biiudred dollurB: aiKl 
for tho Anunal lle|)ort of the Aojcrlcan Historical AssoctalEiin, seven thousand 
dollani; In all seventy-two IhLuisaiid Efeven ImndrtMl dollars* (Approved March 
4, lOOej Statutes XXXVL 
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ArrDima.'fi!?ii fqr PBrs^Tuso ast3 ribditiu r En?&|!t tlit> Jiisproprin- 

tkiHB for In thr nftlsey of Uic flyiivrltttpiiih'iil: itt dcn'iiEMfUt^K flM for 

irtares anU gunetitl ex|jciise for llio orULs- ul iLo of mentis 

all npproprJQtSoiiy lotule lii'rein under ■" Cioveruiuent Print Ini? Olftce'' itkalt 
iKiuaii]rretl Lu apiurlEohlTi^ tJie alluLnit^ntn for printlnsr nud binding to tlao 
Cdcif^reisa aiiO Ibo execuMvo buroiinPp tirvrl triLk-|wnwlent 

cjQleep of ihv Uoveniiiieiit: I*rfjeidt'd^ Ttmi no otiier fmid tip|iropr]atiL'd by Iblw 
nett or niiy other iiet, shaU In? otjod for or olhor porrioacs Id tbe 

Clovoftinient PrlEitlun^ ilLtkf*^ or In the office of tlii' PiiperiiitOTiiJent uf dooii- 
iyi!iila. of ihe rlinmeter aiHjelHed In the fore^pdri^' iHiriignitikK, exL‘4?pt [n 
of emorKOney ariHliijf jiftor like liaRsiiro of tUls aet, aial then ooty on tliu wrUU>n 
onjer uf tln.^ INiblle l^rliiter; nOil iIjo nckiire^to of all aufurk'* or oiUer ei|Jt‘n&?eH 
UiUJi luthlp III ndtiltloit to those flpoc'lItLTilly tL|jpMk|hrliited fur iilniye, i:i>liikll Ih* 
rptkorietl x*} Cnjij^reaiH meJi y<-nr tu wniiii'ethni with the iiiiniDtl' oattnmtej*^ (Aji- 
Jirovetl xMjireh 4, V.m; 8tEituti% XXXVi, ilriL) 

^HITIJSOxMAy Ekmi^^lT (LlBKAitV OR CoNomaJS) t Fur CUattHlSHfl, one tllOlimilld 
flve laiiudJTtd dulLirs; iissIstaEitt njo* thouanud four hiiiidreii dulhirn; aw-.WTkner, 
aeren hiiULlrtid ntul En'enty dnllnrH! ua^tifienKer hoy* lliroe hniiilrcHl nmi rility 
do]]jirri: 111 iitJt throe thouKiiiLl nine hinidmJ mid eighty iJylUiDh tAsipcurwl 
Marvh 4, IhOtf; Suitutea XXXVl^ iwT.) 

lUlMlHTATlOK ur L^tAtrt IZrJlTBmUB niKIkB ATCD APfJllALa : 

* m ^ m * « 4 

^EC. The fpirHirlEitloii Into the T-altetl ^thtea. or nny Territory or Dla- 
trlel tben^f, of the monjpw>H?, the ^H'kK:^u!llL■ci “llyliiff foxeB" or fnili batii* lh»» 
Eni^lali H^kiiiTi’W’. ibi- Mnrlliig; and such otlier lilnlP mid atklmiilH ns the ^ro- 
tnry of AgrlnMllxtre may from time to tliwt^ dk'cbire in |je lajitrhnift to she Intor- 
eafjk of jiRriealrnre or bortlcijltdre, is hereby problhltod; mnl nl] sneh hlrdn 
nDd Ditbunts shfilS* upon ntrtvnl at any ^Mkrt of tbo rnttod SEiiEes, bo dt^lruyod 
or mturmiJ iiL the oy|)e}ii« of the owner. No tuiiTBoii shall Iiiij>DTt Into the 
TdIewI Stiito* or Lulu nny Trirliory or t)]strict itien^f, miy fondjpi wild 
nnimnl or bird, cicojit imder wpeelnl [K-rinll fnmi ihe Secrtdnry of ApricnJnim: 
ProrfdrcT, Thiit Dothlni? In this section sball r^'idplct the ImiMinailon of iiattinil 
hliftory SEhoc^fuetis fur muoeunjK or ncletitlflc ETolteclIons, or of certain va^ 
blida, sneh n« duptesllmliMl k^anarLea, inirruts, or such other hlnls iia the Sec¬ 
retory uf A^k-nlture luuy dcalgimte. The Secretary uf the TrEaaiiry [r bureliy 
onihorlz^Hl tu ijuike re^ lot Lone for farrj-rn^ Into effect the prorlstutia of llila 
Sect Inn . 

Sic. 211 It aim 11 l>o nulowfid for itny porsoii to ikiS^Tr to ony common car 
Tier for trausTiortatlunt or for aoy uupitnuii currier to tratiRjiort from nity 
Ktiite, Territory, or t>S!drlct of the UiilU«d SliLtea, to any other State, Terri lory, 
or IHairlet theri^iTf, nny foretan ofitnuilH ur birds Ihe Initkfkrmtlon of wblek Is 
lirohihited. or the dend luidh^ or juirtK then^f of nny wild Eiiitninls or litrda, 
wlieEx> Kueh an I am U or birds hare la-^-n ktlliMl or ehltkiaiJ In v lohillnu uf the !nw* 
i>f the State, Terri(ury, or Dlatrkt hi whteh the aiiuo werc^ or from whkrh 

they wi re shl|Jiwlr Prrjrfdrtf, ^Huit nuthlDi? herein Bboll prevent tbe tmosparta- 
tinn of any ilend hfrds or aelumls hllEe^t dnriiii: tbe nesaon when the snioe may 
Ih? lawfully cardnred, nod the export of wliEeh la not problldtcd by law in the 
SEnle. Territory, or l>lrtlrLE^E lu w^hk-U the same nre uaiitured or killed i Pr*^ 
vidid fuf ilwr, Tlint nuthtnjs herein hIuiII prt^vent the imiiortorlnu. tninutkcata^ 
tloii, or Wile of birds or bird pItimuKo lunnufaetured from the featbera of 
Imroyard fowk. 
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NBC. 2^:}, AU imckapr^ c^tnftiSnj: tiw? slcnd bodScs, or tlic nr iJftrts 

of fin me ntilinnliip or pnine or otter wild blrdft. wLt*ii £ibl|>peii In Inter- 
HtAte or foreign eommeree, vhR U to p] a inly jiiid oUnrty nmrhnl. m tJint llie 
mmie und uddrc£& of tlie ulilpci^F^ niid tbo nuitiro the ijontents^ mny be 
rmdlty nseertntued on im InsiuRnloti of Uic cnd^ddi; of ulicb jKLekage. ^ Apijrov*^'*^ 
ilflroU 4, iiwti; ^tntntew XXXVJ. im.} 

or E^tlMATt^ WiiKt ?fOT TEAMa&inTED IJf rnOFB^ rOBW t 

w m * w w # m 

4. When iifitinuitoE Leni^fter tmnjiinlttoil to the TrcsRuiy for fsuLiulftfllon 
to Congrofio^ do not Ln form and lirmegc^moiil oumplF wltU the provtslonfl of 
Beotlon four of flio legislatSie, fina Jiidlelnl iLiiproprEalEoii net, n|i- 

provtd Jrano tweatj-sooiiiidH nlooECOn buiiilmt mid nix, tliej KlmlJ^ tinder dlit.<- 
tlou of tbe ftotretnrs? of tile Tmaiir^p he nfnrmnia'd iso tm to mm ply wlUi snEd 
reL|Uln.^muiib^ uf line, tAptiroved, Mnreh 4. l^lntutea XXXVf, JlfTTA 

TO JOHK WKSLTT POWELL I For llie |>ur|iOBo Df proourlug nod erect- 
big mi the brink of the Grtinil CEiuyou, in the Ormnl Cnnyotl Foreat Rciorve In 
ArlKoim, n xneiuorlnl to tho Into Jolin Wnate^ Pnwelh with n anltable r^leatn], 
if neetfiaftry. In reeDgtiLtlon nf bin dEFTtlngnlnlied public Bereleem nw n soldlorp 
e]Eplcirer+ nitd ndnilnlrttmtor of fiOTemment Ectenthle work* five tbouAiiid 
dollam: f^mrlde’d, Thiit the dealt^i for buM memorlttl itud the itlte for itic anme 
filial I he npproTetl hy the Bccretnry of the Inlerlor, (Approvvl Murcli 4, llklO; 
statnteh XXXvi. im,} 

AlAEEKA'VuKorf-rAcirici FjcFositJOS: The l.-nltcil Stntea Government Hoard 
of MnrmgeTB of the AlHtdtn-Tukou-Pneille KlxpoaEtlon Is iiiitliorlzod to rent Boeh 
workPhopSp atomfie find olUi'i' rooma (n the instrtel of c^lumbln npi mrly l>0 
Pt-nfilm] In eouneetiDn with the prid«ratloiL tuife-keeidtiij, ntid fetnm of the 
govomineot esthiblt nuthorhfeil by art of Oniijjrroaa. approvwl Mny 
Boventb. nlneu^n hundred aud vl^hL (Apijroved atarvb 4, ItWb: Surntes 
XXXVI, uca,) 

i^TXurrATtOTfAL axen^aoBflr 

For of the syptem of Internatlonnl eselianfres hot ween the TTnltM 

KtJitfew nnd foreign eomxU-i^ nrwler the dlpectUm of tho Siultlisonlrtfi JufttUn- 
tifiin loelndlihg KdlaritHf or eohi|hem<alJon of nil necessary eijj[dojwj?, and the 
purchase of nccMKiry IjookB nmi r^HodlmlR, Oilrty-two tboujiand didlars. (Ap- 
proTed March 4. 11)00- ^hitutee XXXVI, WL) 

TjiATfRMiBBio^f or ppjujc iwnuE^ttt tiiBonciK RM rtii oox I nxciTAiiQr aamv- 
icfi: For nriTfllm to liulldlngB^ dxttareo, and fonvcR, furnitnre, fifts, ch^lcnlm 
ond frtatloneryp freight I including LPananl^fun of puhlic doenmeidit tlitouKh 
the SmlGixiulnn exchangeforeign postage, and eiprofisageK plntita, fertlVlsKrrt, 
and all eontlngont expenses, three thousand dollars. tApproved Mnrch 4, 
KXKi; Slauites XXXVt. m) 

DlHTlllBIJTinS or Co^fnUfiaSIQ^AL EtECOBn tHBOmri IJ'ITrSfiATIOSAL EXmANOES 
TO FonKiQfi LOWTiciEs: ffcAflffcd hg the £ipid iffittm' tif /^cprf^tortfdftrcjt 

0/ ffte Uni fat wfaJo# ttf America hi VansresA asicmbtah That for ihe purpose 
of more fully carryIng Into effect the provialnns of the convention roachided 
at Bmesettt ou Mnrcli Jlftecuth, etjrhteou huodred and elghty-fili, junl pro- 
clnlnied by ihp President on Jatiiuiry fifteenth, elgtitecn huuilred and elj^ty- 
plne, the Pulillc PrEnter la hereby nnthoi^sied and directed to supply to the 
Lihfnry of Congress sneh uumher ns may he reqnlred, not ustcecdlng one him- 
dr«l coplen. of ihe dully Unue of the Congrewttraal Eecord for dlstrfhutloiL 
throng thft Stnltltfionhui Iniititutloiip lo the leijlfllatiT^i cbnitihera of such foreign 
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i;ovi?rtijiiC>Eiti 9 U 3 nmy ajr™ to srail rn thf? UnUM Sitttis current of tbclr 

iTconl or ll^o pnbtloarfiJi?, liocb dooDmentf^ wh^\ ri^ivod. to 
b# dL>po^lliKl ill rfae LJtimrjr of C'nugreispk (j 4 nproecd Alarcti 4 ^ 1000 ; 

XXXVI. im) 


ivuiir oj^ AiJisECAN muNOLOot. 

For conilTitt^liff otbnologEcnl ro^anrbos nmong ruo AmorKean Tmllann and tbo 
native of Hawn 11, uiidar %hft dinwtioa of the ^Qilthfoniiku liasiitullon. In- 
cludLog ^turb^ or cuiiTiioiisyiiion of nil EL&tm^rj aiid ibe punibnav 

of DOCH^ry iKHJks ncul forty4wo tltEajHtuii dolliirfi, of wblcb num 

ikfit 6xeoi>dlik}r Olio thoiisfttia fieo Lubdri-d doHnrs mrty used for rent of 
btilMlLfr. (Approv«b iJnr-h 4, IWJD; StatiiEOB XXXVTp IMVf.) 

For mituvlng the olllco fnmllunp, rwirdsi, tniinui^rlpts, doomijontiii, nnd 
arbor aipjjprtcnnueos from tbc prownt ipinttem to (iie pptico to bo In 

Hid KmitbHcinlim Bulfdlni^, ono tbouinml 4lolbirti« nr m mucli ihoroof us may bo 
ncccsisiry. (Appri^vod Stnreb 4, IbOtl; i^tntutos XXXvi, fi04,) 


For maint^npinr# of Af^ropliyulonl Obaerralorj, luidor the nirectloD of iho 
SnjitbwHilan iiiKiltutloD^ inrliidiu^ mlarlo^ of iivHJBriiiitn, tbo purolmne of nocesh 
mry boobs atid porlodIcsEkc. npiKimtus, tnnkltig obsarvatlon^ In hl^b 

altUi^dofl, rc^Hilri) Juid uliDmtioas of biilldtn^K, uinj ml^oDManpotiu 
tliirloen tbousaod dallurs. (A|itiroTocl llurdi 4, ItKXVi stJitutofl XXXVL b«4.> 


iirmijiiTiDjrii, 04TiLD0irs or ESOitaTTric t.imij,Tirfte. 

For tbp wopomiton of tbo Unttwl Stntos la (bo work of tbo TntDmfltlonni 
CatmTogi^.^ of SclonrSne Lltcmturo, Including the propnnitJoo of a clsssfrlcd Indore 
cBifLiogiio of Aiuorlt-db flcIonUbp- |>[ibU{fntlon3 for liicorfiorAtloii In tho Intorna- 

Untnl Ca«a)o)ru^ of olerk liln-. th^ ,jHn..hii«e nt nncwwiiy ... 

r«nitOlinil^ mill other iieee^rjr tiicldcntal exponuMi, -ilx ibimiviDd <lottHr«. the 
mtur lo he under the dttertiwt of tho Sioitluoiilnn ln*(itntloii, f Aiv 

proml Univli 4. 1»(»; Slstotea XXXVI, thH.) ' 


iriTTOJriL Mrfteou. 

‘***“”** electrlchl nnd other fti.pTI«nr« ret|nlml for the 
«hlblt)on mild Mife.k«t.lni; ef the wlleetiMW of the Niittontil tnclitd- 

of „|| nereeeni^ employoeH. two l.fdr« thou«,.Ml 

rn^lTlr li^lephotitc tMirrlee 

for lbi‘ Nntlonnl SJiiNeum. alstj thonMnd dotlnra. 

nmd ineremee of the eolleetlone 
tbeOmomment. n„d from other 
eoiliveii. indiiillti,: «,lari<« or compensation of all necrsmary t^ploreee. nil 
other nec«M«i^ r^peneen, tiro hundred end fifty ihbaemid doling of ^liih 
nve thouaend ft^ hnndred dollera «my bn for neee«ery dcawinga and [Sr 
tratlona for publlcaiioDa of the XeiJonal Museum 

For piif hiiM of IsmlTB. pemphlelm. nod periwU^ia for t^ferenee tn the Vu- 
tloDnl Mumrum. two tbonsand dotlnra. ^ 

■" *^'*i*' ""<* XetTonm] Muaeom, Icicttidln* an 

neceaserj- labor and mnterlol. fifteen thousand dolinrs. Ml 

m.S'nnxr"'* 

For moriiif; conec'tlena, fumitiire. and other nronerTr nf ih» v».i . 

ID comeol. iriu, «„ S.,S 
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liii^ludiD^ a1] ^xpcnsos incMentnl ther^c^ to linmi?dlateT 7 avn Untile, four 
tLuuBniii] dollnrs. (Apiiroyed Mmrcb 4 , 11109: StutiittH XXXVI^ fNI4.) 

13eficj£7cct ArFDori.LATJD:r^ 1000; For pre^orvulloQ of coIlfctiooB, KfitlOEmI 
Atu^^uiu. Dim ilollar ond DlnetDEii vmi9^ (Approvod Marcb 4, 1000: 

XXXVi. IM2,> 

irj.Tl0?CAii V0PUUIC41. TMIIEi 

For DOtttSntiliie the ecn^tructlt^ of roads^ walki^ bridge^ wnter supplj* i 90 Wor^ 
rtnd dmtuaBy: nod for grudkDg^ pliintlni:. nuil nOii^rwbm Improving the 
i;rDiit»dl^: pmllti|$ nod rppalrln^ bulliilDe» and Laelosuris; ea ti?^ pur' 

ebnoe, imd of aDliunlH; 0i{!ltiding HtlnrlDM Dr cvmliimKj^t3oD oC nil 

neeefMiry iir*d goncrak Ineldrzitiil DX 7 #iUH>fl not idbvrwlar provided 

for, inoludltig purobntw, tualntcnanoi-, nud driving of lioiifieti nnd veblcdes re- 
qcflrid for odieial purfwseB, and not ojiDewdlng orm butulrod iloHanr for tbo pur- 
chflsm of noeiwsnrj" boolcH and periodlcalB, ntnety^flve tboo^nnd dollars: (mio balf 
0 i wLilob snoj flMlI Im paid from tbo mvenut^ of thv District of Coinaibbi and 
tbi! Dtbef lialf from ibn Truflsnry of tko United StdtDft (Ap|>roved M&rtb 4* 
lOOO; Smintoa XXXVI. 1^) 
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ADVERTISElfENT. 


The object of the Ge:szral Arncxors to the Annual Report of the 
Smltlii^oiiinn Institution is to fumisli brief accounts of scientific dis¬ 
covery in particular diredians; reports of investigations made by 
eollalwrators of the Institution; and memoirs of a general character 
or on special topics th^t are of interest or value to the numerous 
correajjondents of the Institution. 

It has been a promiiient object of the Board of Regents of the 
Smitlisonian Inst i tut ion, from a very early date^ to enrkh the annual 
report required of them by law with memoirs ill list rating the more 
remarkable and impartant developments in physical and biological 
discoverTt as well as showing the general chanictcr of the operations 
of the Institution; and this purpose has* dfiring the greater part of 
its historji been carried out largely by the piiljlication of such papers 
fls w'ouhl possess an interest to all attracted by scientific progress. 

In 1&&0 the secretory, induced in part by the diiikrontinnauce of an 
annual summary of progress which for thirty years previous had been 
issued by well-known private publishing firms, had jirepared by com¬ 
petent collal>or]itors a serie^i of abstracts, showing concisely the prom¬ 
inent features of recent scientific progiefes in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, Koology, and 
anthrojiology. This latter plan w as continn^. though not altogether 
^tisfactorily, dowm to and including the year 1B88. 

Tn the report for 1889 a return was made to the earlier method of 
prosenling a mbcelkneous election yf papei^ (some of them original) 
embracing a considerable nmge of scientific investigation and discus* 
sion. This method has been continued in the prui^nt report for 11*09* 
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THE FUTURE OF MATHEMATICS- 


Ut-mbfrr o/ itit- Acti6f<!wife flpirf iM Ftvn^^se, Profr^^r 

at the 

(TranslattHl Uy t>tnnlrtslon from Revue tleft puros Gt iippIS- 

IHiriB, loth yenrT ^On Dwembef, IWiS,) 

The true rtietlioil of forecasting the future of tnothenmtics He* in 
the study of its liistory and its present state. 

And have we not here, for us nmtbematiciania, n task in some sort 
pnsfe^sionfli 1 We are accustomed to extrapolationj liiat process 
TFliich served to deduce the future from the pm^t and the present and 
so well know its limitalions that wo run tio risk of being deluded with 
its forecasts. 

In the post there have been prophets incapaldo of seeing prcgress, 
til0^40 wdir> have so willingly aflirmi'd that all problems capable of 
fiOliitititi liavc t^een sohed and that n<jthiug remains for future glean¬ 
ing- Happily the example of the past reassures us. Often enough^ 
already, it has been believed that all problems:^ capable of xolutlon 
have been solved or at least stated. Tlien the sense €>f the word 
solution becomes broadened and the insoivablr problems berome the 
niost interesting of all and undreamed-of problems have arisein To 
the Greeks a good solution must employ only the rule and eompass; 
later it Ijecamc that obtained by the extraction of roots; still later 
that obtained by the use of algebraic or logarithmic functioii^fc 
These? prophets of no advance thus nhvays outhanked, always 
forced to retreat, Uavet I believe^ Iwn forced out of oKistence, 

As they are dead I will not ct>mbat them. We know that muthe- 
niutics fltill de%"elops and oiir ta^k is to find in what sense. Some 
one replies, in every seiiae; and in part that is true. But, if abso¬ 
lutely Inie, it would he sti^mewliat ^-tartling. Our riches would soon 

* Address deUvered April W, lOOS, at tlie y^euGral BGsaloa of ibe Foorth Inter- 
EuatloDnl CoD^ss of MntbGniiitlclaDa (Rono*. AprIJ &-llp ISOS) ; prevloDsly 
publlfitL^ Lu iHiiupliiGt form by nud at the eiciKaiife of ilio MuLbematleal Riieloij 
of I'nlemio, M. PoSaeaf^ was unable la ileRvet llilif Ifsctare aad XI. l^artKOii 
gnicloasly imderkiok tbe task- To M, Gaccln we esures^ chit gratuude ror Lbo 
autLorlty wblcll he has coarteoual^ exteoded for Its nsprodaetJoD. 
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become an incumbrance and their increase produce an aocnmulation 
iricomprchemible m iiU the unknown I ruth h to the igiionint. 

The lii^orian, the physicist himiTelfT must make hb selection from 
^moTi^ the facts; the brain of the scholar—but a Email corner of the 
universe—could never contain this entire univers^v; so atiion^:^ the 
countless facts which nature presents, some mu^ be passed bv, others 
reia!ne<ii. It is ns true, a fortiorij in niathematics for neither may 
the mathematician himself gatlier pellmell all the facts which come 
U-fore hinu llatlscr it is lie—1 was going to say hia caprice—which 
creates them. It is be who constnicts from the facts ti new rombina- 
tioiL Nature does not in general bring this to him ready-made, 
DcHibtless it hapijeiis sometimes tbiit the matliemiitician ap¬ 
proaches a problem set by the needs of jdiysics, as w hen the physicist 
or the engineer asks of him the calculation of some ntitnljer in view 
of an app]Scat!mu Shall say, we mstheiuaticiani^ that we must 
content ourselves to await these coinmunds iiiici, instead »f cultivating 
our scjeuce for our pleasure, to have no other care ihaii uccomuiodat- 
ing ourselT(?3 to the tastes of our eliGiits? If thai^ were no other tib- 
jeclE for inatheniiitictans Lliun to cotne to the aid of tlio^ wlio arc 
studying nature it wonld be from Ihem then I hat we muat await t!ic 
word of command. Yet is this the right point of view? Ceitainlv 
not; if we had not cuUivate^i the exact sciences for themsclvs^ onr 
mathematical nmehine would not have iMien created, and on the day 
wrhon the word of command came from the physicist we would hav^e 
been without arm?. 

Nor do the physicists, before studying some pbeiiomenon, wait 
until some urgent need of life has made the stud? a necessity, and 
they are right: hud the scientists of the eighteenth ccntiiry neglected 
the study of eleirtricity beenusc in theli eyt^ it was liiiL a curiosity 
of no practical interest we W'ouUl not havtj in the twentieth century 
either the telegraph, or electro-chemistry, or our electricrnl inaebinery. 
The physicist, when forced to choose, is not guided in his selection 
solely by utility- What brings Bbi>ut then his seloetion from among 
the facts of nature! I\'e can not easily say. The plienomena which 
interest him are those which may lead "to the discovery of some 
law. Tliiose facts interest him which bear some analogy to tminT 
other phenomena, which flo not apt>eHr as iscKlated facts but clrmly 
gron[ieil wUh others. An isolated fact can be tsbservef] bv all evesj 
by those of the ordinnry |>en=»on as well as of the wise. But it is" the 
true physicist alone who may see the bond which unite? several facta 
among which the relationship la importuiit though obscure- The 
story of Newton^s apple is probably not true, but it is symbolical; ao 
let us think of it us true. Well, w'e must believe that manv before 
Newton had ?een applet f^ll, but they made no deduction. Facta are 
sferde until there are nimds capable of choosiug between them and 
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diBcerniiij' those Tv-Licli eonceal something uiid re«»gnizmg that which 
is concealed^ minds wliieli under the bare fact sec the soul of the fact. 

That is esaclly what we do in fnathematics; out of tlie various 
elements at our dif^txsal we coaid evolve millions of different com- 
binalionst but one of these combinations by itself alone is absolutely 
void of value. Oftenliriies we take much Iroulde in its constriicllon, 
but that serves absolutely for naught, unless possibly to give a task 
for further consideration. But it will be wholly different on the 
day that that combination takes its place in a class of like results 
and we have noted thw iinalttgy', IVe arc no longer in the presence 
of a bare fact but of a law. And the true inventor is not the work- 
tnaii who has |mtiontlT built stMiia few of these combhialiorts, hut 
he who has shown their relationships, their parentage, Tlie former 
saw <>nly the mere fact, the other alone felt the smd of the fact. 
Oftentimes for the indication of this parentage it has sened the 
Lnvctitor’s purpose to in vent n new name and this name becomes 
creative; the history of science will supply us with innumerable such 
instances. 

The celebrated Viennese philosopher, ^[ach, states the role of 
science to be the production of ectinoiny of tbouglU just ns a machine 
produces economy of lalwr. And tliat is verj* just. The savage 
counts with his fingers or with his assemblage of pebbles. By leacli- 
iiig the children the multiplication table we spare them later in- 
uiiinerable countings of pebbles. Someone, sometime, has discovered 
with his [M-bbles, or othenvise, that C times 7 makes 42: it oci?urred 
to him to note the fact and he thus spared us tins necessity of doing 
it over again. Ho did not wasrte ids time even though his calcula¬ 
tion wn« only for his own pleasure; his operation cost him but two 
minutes: it would have tost two thousands of millions of minutes 
had u thousand of millioti of men to m'ornpute it after he had. 

Tlie importance of a fact is known by Us fruits, that Lb to Hay, 
bv tlie amount of thought which it enables tifi to economize. 

In physics, tlie facts of gr™t fruitage arc those which combine 
into sotiie verv general law, because they then allow us to predict 
a great numljer of other facts, and it is just the same with nmthe- 
maties, I have ilevot«l myself to a complicated calculution and 
hai-e come laboriously to a result; but I will not feel repaid for my 
pains if I am not now able to foresee tlie results of other analogons 
calculations tmd to pursue such calculations with sure steps, avoiding 
the hesitations, the gropings of the first time. I shall not have 
wasted my time, on the contrary, if these gropings have ended in 
revealing to me in the problem which 1 have just treated some 
hidden relutionship with a far more extended class of problems. If 
at the same time they have shown me resemblances and differem-es; 
if, in short, they have made tofi forsce the possibiUty of a gen- 
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ernlizntion, then it i^ not merely u new answer which I liave ncquireil t 
it is a new force. 

jyi exhtinple which comes at oiicB to mintl is tlie algebmic forhiula 
which gives us (he soltition of ii class of uumericat prolilcms wltcn 
its letters arc replaced liy numbers. Thanks to the formula, a sin¬ 
gle algebraic dernonstration spares us the pains of going over tlie 
same ground time niter tirijo for encb new calculation. But this 
gives us only a very rough il lust rat ion. Everyone knows that thero 
are analogies, some most valuable, which can not ho expressed by a 
formula. 


1/ II new' result has value it is when, by binding together long- 
known elements, until now scattered and appearing iiiiTcIntei] to 
each other, U suddenly brings order where there reigned apparent 
disorder. It then allows us to sec at n glunce the ]jlncc which each 
one of tlusc elernenLs occupies in the ensemble. This new fact ia 
not alone important In itself, but it brings value to all the older farts 
which it now hinds together. The brain is os weak as the senses, 
and it would be lost in the eompJcxlties of the world were there 
not harmony in that complexity. After Ilia matitier of the sliort- 
sighled, we would see only detail after detail, losing sight of each 
detail before the e.xaininalioii of another, tinahle to bind them 
together. Tliosc facta ulonp are wortliy of our attention which bring 
order into (his lomplnxity ntid so render it twinpreiiensilde. 

Mathematicians attach great itii[mrtance to the elegance of their 
methofls and rfeults: nor is this pure dileltaiiteiam. Indeed, what 
brings to ns this feeling nf elegance in a solution or demonstration? 
It IB tile liarmony among ilie various parts, their happy halaiiciny 
their biometry; it is, in short, all that puts order among them 
all that hnngs unity tg them and wliicJi conseipicritly gives us a 
certain command over them, a comprehension at the ^nie time both 
of the whole and of the parts. But OB truly it b that which brings 
with It a further hanest, for, in fact, the morn dearly wo compiS 
hend this assemblage, and at a giance. the Utter we win realize its 
j^latimiships with ndgliboriug groups, the greater consequently will 
be our chances of divuimg further (lossibk generalizations.* Ele- 
gunco may arise from the feeling nf surprise in the unexpected asso- 
cia ion o objeeb which we had not Ix^n uccustome*! to group to- 
get ier; it occurs requently from the eoulrast lH=tween the sbipUe v 
of the moans employed ami the complexity of tJm given problem • wo 
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instrument to us* ThiiS wstbetic i^tisfnction is therefote coTmected 
with thfe ewiiQmy of thoughts Thus itic gflryutidiis of the Erech- 
theum engender in us ihe stiRie feeling of elegnnoei for oxnmple, 
because they cnirry llietr hea\y iouiJ witli such grace, or we might 
say so eheerfuUy, that they prorUicc in us a feeling of economy of 
effort. 

It is for tlie same reason that wlien a somewhat long calculation 
has led us to a simple and striking rc^nlt we are not ^lly satislied 
until w'e have shown that we could have fores?eeiit if not the whole 
result, at least its most characteristic: details, llliy? What is it 
that prevents cur satisfaction wilh this aecoiuplished calcTiliition 
giving all which we seemed to desire? It is iMXTJUse our long caleii- 
Intlon Avould not again serve in another nniilogoiis case and because 
w'e have not ns*^ tihat mode of rensoning^ often half intuitive^ which 
would have allowed us to foresee our result. WHieti oiir process is 
short we may see at a glancl=^ all its steps* so that we nioy easily 
change and adapt it to whatever problem of the s\\me natum may 
occur^ and then, since it allows ns to foresee whether the solution 
of the problem w ill l>e simple* we can tdl at least whether the prob- 
1cm is worth undertaking. 

IVhat we have just said siiflices to show how vain would be any 
attenipt whatever to replace by any mechanical process the free initia¬ 
tive of the niathcmaticinn- To obtain a result of real worth it will 
not suffice to grind it out or to have a machine for putting our facts 
in order* It is not atone order hut the uneiqxcted order which is 
of n^l worth. The m a chine may grind upon the mere fact* but the 
soul of the fact will always escape it. 

Since the middle of the last centiirA* mathematiciaiis have lieen 
more find more niixions for the attainment of iibF^olute rigor in their 
processes; they are right, and that tendency will inciTHSc more and 
more. In mathcniatics rigor h not everytliing, hut wilhaut it there 
wonhl be nothing; a demonstration which is not rigorous Ls void. 
T bclie^’o no one will contest, this truth* But to bike this too literallv 
would bring the conclusion, for exam pi tliat Iwfore tliei^ 

was 130 mathematics. That in surely going too far: then the geome¬ 
tricians a?5aimpd willingly what we explain by a prolix die^nssion. 
This dees not mean that they did not realiste their uniis-sion„ but they 
passed it over too rapidly* and for greater surety they would have 
had to go through the troohle of giving this discnssioii. 

But is it necessary to repeat every time this di^ussion ? Tliosa whot 
first in the fields had to be preoccupied with all this rig^>r have given 
us demonytmtioris which we could try to imitate; hut if the demon¬ 
strations of the future must bti built upon this mcaicl our mathe- 
tnatiosl treatises would become too long, and if I fear this length 
it is nut only because 1 dread the Jncumlintnoe of our librsi-ica, but 
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ako because I fear thiit in this lengthening of our demonstrations 
thty will Itj^ that appearance of harmony of which I have just 
showui liie m sorviccublo role. 

We should alw'flys aim to%rard the economy of ttiought. It is not 
enough to give models for imitation. It imist be pui^ihle to pa^ 
beyond these modeb and* in place of reting their reasoning «L 
length eadi time, to mm this in a feiv words. And this has now" siml 
then 1>een already accomplished; for iiistanoe, tJiere was a whole 
type of demonstrations which were perfectly similar Jind repeote<lly 
occurring; tlmy wen? perfectly rigorous* but tedious; one day some 
one thought of applying the w^oi'd and that wor<l has 

taken their place. There is now ii(s need of repeating these proc¬ 
esses^ for (.hey uio understood. Tho«e who have cut our dilGcukics 
in quarter hav-e rendeithl os double service — fii-st. they have taught 
us to do as tljcy have dtuie when thei'e is need, btit uIk^vo all to 
avoir! this iirocess as of ten iu> wc can without the loss nf this rigor. 

We have just seeiK through an example, the impurLance of words 
in mathematic^ but I could cite many more cases. It k st^ai'cely 
credible, as llaeli said, how^ iiiutrh a wHdbchoi;H'n word cun ecoiionu?^ 
tIuiugliL 1 do not kiiDW^ wfiether or not I bav-e said somcw'here that 
mathematics is the art of giving the same riume to different thiiigH. 
We juiist HO imdei^taiid it. It is meet thot tilings ditfercut in sub- 
staUiH! but like in form should be run in the same iiiold, ho to speiik. 
Wlieii our iaiigiiuge is well chosen it b astonisliing to see how all 
the demonstruLion^ made ujtchi some knowm fact juiniediutcly l>ecoine 
applicable to many mw facts. Xothing ha^i to l>e changed^ not even 
the words, since the names are tJie inaine in the new cases. 

There 15^ du example which comes at once to my mind; it is 
quuternioh.s, npim which, however. 1 will not dwell. A word well 
chosen very often causes the diz^ippoarance of exceptions to rides as 
announccil in their former forms; it was for thi^ piir^jose that the 
terms negative quantities, imiigitmry quantities, inlinite pointsj have 
been invented. And let us not forget that these eiceptions are i>er- 
nicious^ for they conceal kw% 

Very well then, one of those marks by wdiioh we recognkj? the 
pregnancy of a rwiull k in that it permits a happy innovation in our 
language. The inert" fact is oftentimes svithout interest; jt has been 
noted many times, bill bus rendered no st^^rvice to science; it be&Jiiics 
of value tJiily on that day when some happily advised thinker per* 
ceives a relational Ip whidi he indicates and HymboIiEes by a word. 

The physicists also do fust the name wey. They invented tha 
term energy, a word of very great fertility, becau^ through the 
elimination of exceptions it established a law; because it gave the 
same name to things differing in material but similar in form. 
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Among the words which h^vQ had this happy result I will mention 
Ibe group and the knvariont. They iimUv ns pcriceive the gist of many 
nnitlieniiitical deTnon^■t^ationK; they make us realize how often mathe- 
mmticiaus of the past must have niii acro^ groups without n'lcogniz- 
ing them and how. tjelicviug these groups surh Isolated things, they 
have found them in doi« rcJutioJisliip without kimwitig why. 

To-day would say that tliey were looking right in the face 
of isomorphic groups. We feel now that in u group the substance 
inten^t^ 113 but very little i it h the form alone which matters, and 
m. when we onct‘ know well a single group, then we know through it 
all the isimiorpJnc groups; thanks to the words groups and isomor- 
phisan^ which siun in a few nyllfiblps tliia subtle luw mid make it at oruM* 
familiar to us alL we take our step nt once and in so doing economize 
all etTnrt uf thought* The idea of group, luoriMiver. ia liound up with 
that of tran^ffijnnatiotu \Miy then do w’c attach so nnwh value to 
tJie invention of a new trajisfonmition? Bcaiuse from a single 
theoixoji wfi may deilsicc leu or twenty; it has n value similar to the 
addition of [i zcrcj at lire riglit of an integral nuiiil.n:"r. 

We now realize' whiit has tleterniined the direction of the advance 
of mathemalics in the past and tlie present aud it is us c^crtaiii whal 
will determine it in the fiitum But ihe nature of the |irobleiii& 
which come up will contribute txjuallyi We must not forgiH what 
.should W {jiir goal; iimirding to me iliat end is donhle. Our Sfuence 
cMinfincs itself al the same time to philot^phy and to physics, and it is 
for these iwu neighbf:Frs that we work* And so wc have always seen 
and ulw'ax's wdll see matheuiutlcs progressing in tw^o opposite 
directions* 

In one j^ense mathematio; must return upon itself and that is use- 
fuL for in returning upon itself it gties li^iek to the study of the human 
mind which liois created it mther than to those creations which bor¬ 
row the least bit from the e.xtcmal world, Tlitit U why curtaiti 
uiathejnatical speculntiona arc useful* such rs those whoso aim is tlie 
Htudy of jmstukl^, of unusual gpometri^, of fuuctioiia having 
peculiar vulpcfl. The more these ^rpcculations ilepart from our coin- 
moo coticf'ptiuuii and coiiseqticiitl}- from nature or j^i-actical applica¬ 
tions, the better they show ir^ the wurkiiig of the human mind which 
constrnctii them wdicn it boconies freed fruni the tyrimtiy of the exter¬ 
nal worlds and the l>etter. In conisequciice. it eoines to know itself. 

But it is to the opposite side—the side of naliire—against which we 
must direct the main corps i>f oiir Hrmy. 

There we meet tlie physicist or the engineer who says to us: ^ Can 
you inicgnite for me such a dilferential ecpiiitiou! I must have it 
wilhiti eight duya because of a certain construction which must bo 
hnislied by that time/' *'^That tsjuatlon/^ wc reply, “is not of an 
Integrable tyjjc; you know there are many like it,-’ ‘'‘Yes, I know 
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that; but of whiit iif* ari? yciu tliPnP' Stnre often, however, there is 
u better iitiflei^taiitlbififp The enpiiH'^r tlcwys not nORl lua itite^ral in 
finite teniiM. He needs only a roLJ|fb value of the inlegrcil funeliori, or 
perhups only n certiiin tiunierienl restilt which lie eon hi easily deduce 
from such n value of the integral if he had It. Ordinarily wc eoukl 
get this numerical result for him if we knew jui^t how accurate it 
iiiuial l>e—that b, with what approximation* 

Formerly iin equation was not ecnishlered ssolvcd except when the 
solution w^as expressed by means of a hrdte nEinda'r of known func¬ 
tion hut tlint is [x>ssible scarcely once in u li mid red times. W}jat we 
can always do* or riitlier whiit we may id ways try do, is to tmive 
the pruhleiii So to that is, to find the general 

sljftt>€' of the curve wliidi the unknown function i*epreaenlH, 

It remains, dien, to find the solntion of the problem; 

bill if the unknown can tiot Iw detcm’iined its a finite n^nlt it ctm 
always b> represented by meun^ of nn infinite convergent scries which 
will allow the numerical calculatioiL May w^o regard thiH ms a true so¬ 
lution! It is irelated that Xewton once coinmunicateil to Ijtubnitx an 
anagram something like this: 


mi^iiahhie^e^n. etc. 

Leibnitz naturally was wholly nt a loss ns to its meaning: but we who 
have the key know the sigidficatioji of that iintignmi and Iran.elat¬ 
ing it into ordinary Irtriguage it beci^unc^i' I know how to integrate all 
differential equations; and ive are led to imy to ourselves that Newton 
had slriiiigt! giKwl tuck with such a singular illusion. He would ha ve 
said aU that he couhi form (by the rnethtxl of nndetermined 

coeflic ients) a «ories of powers sat isfying formally the given equation. 

Such an apparent solution would no longer ^itisfy us to-day* and 
that for two reafysnst liccause its (x>nvergence would Ifc too sdow ami 
bowiuiic the teriivs would follow one another invtirding to no definable 
law. On the other Imnd, the strifes 0 seems to ns to leave nothing to 
liedteimhHn^t,la!eauE^ it Mmvergcs very rapidly (and that because the 
engineer wblics his result as quickly as po.>ibIe), and then beeausc 
we may see at a glance the law of its terms (tliiiE, for the satisfaction 
of the esthetic needs of the inathematidan)* 

But there are no longer iforne problem.^ which are solved and others 
which are not: thero are only problems niori^ or Icf^ solvctl nccordinglv 
as they nre r«pTi?.soiitLHl by ii «>rip« cunvergitigmorf or Jos« rapidly and 
following a law mon. or los>- lianormioi,.. It occurs sometimes that 
au tni|>crfi‘rt solution leads to a better one. t^ometimos the series t-on- 
verges «o slow y th,t cakubtioiL. from it ate impractkablr. and wo 
hovesiiow,, only the possibility of a solution. And then the engineer 

r *’ “ ’1 as it will not^Ilow 

hjm to bis conatruetioii ou the given date. He cares little 
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whether the solution will be u-^eful to tlie engine^jr (>f the twenty- 
f^^nd eenlun"! we feel otherwise^ and are sometimes ns happy if 
wo have mxetl for our gmndaoii tia for oiir QonLotiiponiries. 

Sometimes, tndng this way and that, einjiirirally, w'e might sajj 
we happen upon a formula siilfieiently convergent. What more do 
you want? w'e ask the engineers and yet, di^spite tlmt, we are not 
satisfied oiirselvesL IVhy ? Could we have foreseen it the first time, 
we might a seconds We have reached a solution; that is a smnll 
matter to U-s if we have no smre liope of getting it a jsecond time. 

As a science grows it hecotnes more and inorf: diflieiilt to know it 
all. Then we cut it up intci bits and eacli one coiiteivL^^ himself wdtii 
a bit; in a w^ord, we specialize. If this process coiitiuu^s it will 
lHa'f}n]e a vexations ob6^tac]e to the progre?^ of our science. We have 
said that it is tlie iiitoxpcclcd bringing together of diverse parts of 
our science w'hich britigs prtigre-.s, Tuo much ,^[>eciaIization prevents 
this, l^^t ns hope that a ciiiigrcss like this, bringing ii3 into closer 
rehdionshipH wilh each other imd spreudiiig ladnn^ the eyes of each 
his neighbors fields, obliging us to compare these fields, so that w e 
set foilh for awhile from oiir own little village, will annul this 
danger to which I have just calltMl attention. 

But I have ?itopped loo long over geiiemlilies. Let us pass in re¬ 
view- tlie diverse piirls which form the whole science of ma tlie mat ies, 
let us -SCO what each brunch has done, wdiitlier each tends and wdiat 
we may hope from each. If die views w^e have Jii! 5 t expressed are 
rigid, the gi-i^at a^lvimees of the purit will lje found w^here two of 
these branches have approached each other, where the Mimilarity of 
their forms despite the dissimilarity of material has become evident, 
where one has Ijeen modeled upon the other in 5iiieh nianner that each 
takes prolit from Ihe olhcr. At the same time we j^hmdd foresee the 
progress of the future in interlockings of the same nature. 

J. AIlll'IiWKTlCF 

The jjrogiv*?^ of arllhnietic has licen slow'er than lliai of algebra 
or uualyticiil geomelry. uml the rensoii is very evident. Arilliiuetie 
does not pi^Kent to us iluit feeding of coidionity which is siidi a 
precimm guide: Piich wholo nuni1>er is scjmmte from the next of its 
kind and hos in a sense individuality: eadi to a manner is an excep¬ 
tion and that is why general theorems are rare in the iheoiy of num¬ 
bers; and that is w^hy thoiie theorems which may exist are more hid- 
tleh and longer esc:ai>e those who are searching for them. 

Bill if aritlimetic is less developed than algebni and analytical 
geometry it may w'cll mode! itself upon tho^^ branches and take profit 
by ttiiur advances. The arilhTuetieian must take fnr his guide the 
arialogicij with algebra. These analogies are many, and if often they 
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httTe not so far [}roTiHl very useful yet they have at least been known 
for some time; the lanjruage itself of the two branches shows this; 
for instance when we speak of transceucientnl Tumibcrs and when we 
take into account that the future classification of these numbers 
images that of transcendental functions; still ii is diDicult to see 
how we can pass from one classificntion to the other; however, the 
step has already been taken, so it itt no longer the task of the future. 

The first example which comes to tnind is the theory of ctmgriients - 
where we find a perfect parallelism with tliat of a1gel>mic equations. 
And We will certainly complete this ptiralkdism which must exist 
belwi^eii the theory of iilgchraic curves and that of Congruonts of two 
variiihles, for instance. And when the problems relative to con- 
gruents of several variables are solved we shall have taken tho tlivt 
step toward the solution of many of the questions of indeterminate 
analysis. 

Another example where the analogy has not always been seen at 
first sight is given to us by the theory of corpora and ideals. For a 
counterpart let its consider the curves traced upcjn a surface: to the 
existing numbers correspond the c4)inp1ctc intersections, to the ideals 
the incomplete intersections, and to the prime ideals the indecompos¬ 
able curves; the various classes of ideals thus have their analogs. 

Tliere can be no douht that this analogy can throw light upon the 
theory of ideals, or upon that of surfaces, or perhaps on Imth at the 
same time. 

Tlie theory of forms, and in particular that of quadratic forms, is 
intiiJiately txaind with that of ideals. Amfiug the theories of arith¬ 
metic this was one of the first to take shape and it came when the 
arithmeticians inliNHiuced unity througli the consideratiou.s of groups 
of linear transformations. 

These transformations [^iniilted classification and coitsequently the 
introduction of order. Perhaps we have okuined nil the fruit which 
tmuld be* lioped for; Imt if these linear t runs formations arc the |>arent>i 
of geometrical |)ersi>eidives, analytical gi'ometry mav famish many 
other transfonuations (a.s, for example, the hiratioiial transforma- 
lions of an algebraic curve) for which it may be well worth our while 
to look fitr arithirietical analuga. I)ouhtlei« (hesc will form discon¬ 
tinuous groups of which we minsl first stndv ihe fiindamwitnl part-s 
II.S the key to the wliolc. l have no doubt tjuit in this study we ivill 
make iise of Minkowaki’s Geometrie der Zsdilen (Gcometrv'of Xum- 


Au idea from which we have not yet taken all that is poi^ible is 
Uie introduction by Ilcrmite of continuous vnciaiites in the tlicorv of 
numbera. Ui ua^art with two forms F and F', the second quadratic 
Jstermihute, and apjily to both tiic same transformation; if the form 
F transformed is rcdiioed, we will s«y that the transformation is 
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retUlwd Bnfl thul tbe form F tramformed b minced. It then 
follows thnt if the form K can be tniiii?formed to itself h. cun have 
jiiany recliictioiis; but this incoiiTenicnce is cs$etitial and can bo 
avnkled by no subterfuge. On the other hand rediictions do 

not prevent a dassi float ion of the formss. It is clear that this idea 
which has liithertu been applied only to liirdted classes of forms imd 
transfoniiutions can lie extended to groups of nonlinear transforma' 
lions and we may yut hope to have a Jiarve^t greater tlmn has ever 
been reaped from it. 

An arithmetical domain where unity seems absolutely absent is 
found in the theory of prime numbers; the laws of asTt'^mptotes have 
been found and we must not hope for others; but these laws are 
ii^lated luitl are reached only by different paths which seem to have 
no intercommunication. I lielieve that I have a glimpse of the 
wished for unity, but I see it only vaguely; all leads liiick without 
doubt to the study of a family of irunscendental functiuus which, 
through the study of wingidar points and the application of the 
iiieth^ of II. Darlxjux. wjl] permit the calculation a^miptotically of 
certain functions of very great niimbera, 

11. ALOEDOA. 

The theory of algebraic ennation^ will slill hold for a long while 
the attention of gcotnetriciaiis; the sides from wtdeh it may be ap- 
proBchtxl are numerous and diverge: the most important is that of tli© 
theory of groups, to which we will return. But there is also tlie ques¬ 
tion of the calculation of tlic niinicrical value of roots and the iljscus- 
sion of the number of real roots. Lag^ierre has sho^vn that not all 
was said upon this point by Stumi- Then there is the study of the 
system of invariants which do not eliange sign when the mimber 
of real roots remains the same. We may also fonn series of powers 
reprcfienting functions which may have for singular points the 
various nK>ts of an iilgehniic cspiation (for instance^ rolional fane- 
tions of which the denominator is the Erst member of thi^ equation ]; 
the coefficients of the terms of high order will furnish one of the 
roots willi tin approxiinution more or le;^ close; thcro js here the 
germ of a process of numerical calculation to which a systematic 
study could be given. 

During a period nf forty years the study of invariants of algebraic 
forms seems to have absorbed all algebra; they arc to-day laid oaide, 
althmigh the suhjetd has not been exhausted; but we must no longer 
limit the study to the invariants of linear tFaDsformations; It is to be 
extended to those referring to any group whatever. The theorems 
acquired in the past have ^iggi^tcd others more general which are 
grouping about them much as a crystal grows from a solution. And 
as to the theorem of Gordan that the number of distinct invariants 
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is limited, the demonstration of wliieh Uilberl inis bso hiippiJy sim¬ 
plified, it seems to me tbit it leads to a problem mud:L more ^neral; 
If we have an infinity of whole polynomials, ilepending algebraically 
from II finite number among them, car we always deduce Uiem from a 
flnite nuiiiber among them by addition and multi plica lion i 
We must not believe that the task of algebra is finished because w'e 
have found rules for all tiie possible combinations. We haie still to 
licarch out the interesting combinations, those which satisfv such and 
such conditions. Thus tliere will lie eatiiblUhed a sort of Indeter¬ 
minate analysis in which the unknowns will not bo whole ijumlters 
but polynomials. Then in this case algebra will inotlel itself upon 
arithmetic arid take as a guide the analogy of the whole number, 
either as u whole polynomial of any coelhclents whatever or as a 
whole polynomial of whole coGaieients. 


1)1. PirrEREKTIAf. BQn.VTIONa. 

Much has Already been done for linear vlifferential equations and 
it remaitiH to perfect wliai has Ijeen commenecd. Rut with nniilineiiC 
differential cquutlnns there has licen much leas advance. Tlie iiofre of 
on integration by the aid nf known functions has iieen given up long 
sincej tliorefon? we must study for themHclvea the functions defined 
by these differential wumtions and then attempt a systematic classi- 
ficnlion: tlie study of the nuMk nf change in the neigiiborhood of 
singular imints doubtless will furnish the first idemeuts of such u 
classification, but we will be satisfied only when we shall have found 
a group of transformations (for instance, ihe tPiifisfonii!ition.s of 
Cremona) whidi will play with reirpect to the differential efiuaiions 
the same role as the group of birafional iransfonnations does for 
the algebraic efiuation. We can then group in the same class nil the 
transformations of the same equation. We shflll have for our guide 
the Ahaltigj- with a theory already made^that of birational trans¬ 
formations and tlie germs of an idgcliraic curve. 

We may propose to lead back the study of these functions to 
tliat of uniform functions, and this in two wavs: We know that if 
y=/(*) we van. wdiatever may be the /(a*),'Mpress y and * by 
unifonu functions of an au.'tilinry %'nriablc t; but, if /(j!) jg t},e solu¬ 
tion of a differcmtinl eqoalion, in what case wilMhe uniform uS- 
laiy functions thomwlves satisfy the difFerential equation! IVe do 
not know; neither do we know in what eases the general integral can 
he put in the form F (a, y) = arbitrary constant, where F (a, y) 
IS a imifonn function. ^ sfi 

I will urge the qualitative discussion of the curves defined by dif¬ 
ferential ^uationa. In the simplest ease, that in which the equation 
IS of the first order and the first degree, this discussion leads^ to the 
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detenniriEitioEi of IUb number of limited cyctep It is very sensitive 
ftnd wliJit H'ill help us is ihe nnulogy with the method of the deter- 
minntion of I he nunito of renl root^gf nil algebraic equjiliojij when¬ 
ever any step whtitrvcr sliowi^ the real status of tills analogy we may 
be sure of a very great iidvanee. 

IV, KQCATIUSS WITH rAnTIAl, RKHIVATIVKS, 

Our knowledge of equations containing partial derivatives has 
token recently a verr considerable step in udvantw by means of the 
discoveries of it. Fredholnu If we examine closeh^ the baMi§ of these 
discoveries we will find that this difficult theoiy' is modeled upon an¬ 
other riTore ^^iniple. that of detemiinatitfl and of si-stems of the fir^t 
degree. In the greater part of the problenis of inatlicmaticnl phyaie^ 
the equations to be integrated are linear; they serve to deterniine un¬ 
known functions of several variables, functions which are contlouou^* 
Why? Because we have made the equations in eonformity with tho 
supposition that matter is continuous. But matter is not contiiiugusi 
it IS fanned of atoms; had we wished to write equations as they 
should be for ml observer whoso sight is sufficiently keen to see these 
atomSf we would not hove h»d a amall number of ei]iin- 

tions sem'ing to determine certain unknown we would 

have had a very great number of nlffehruic eqnaliona for determining 
rt great number of unknown And these algebraic equa¬ 

tions would have been linear and of such a nature that with infinite 
patience we could have applied directly to them the methods of 
determinants. 

But, since the brevity of our lives will not rIIow us this luxury 
nf infinite patience, wo must proceed otherwiBe; we iniist pajs? to the 
limit and ?^uppo^^^? matter continuous. There are two wayfl of gen- 
ernlizing the tlieory of e<iuations of the first degree in passing to 
the limit. We can consider an infinity of separate cquaiioim with 
an infinity, equRlly independent of unknowns. This has been done^ 
for examjde, by Hill in his theory' of the moon. We will Umu Imve 
infinite determinant^ Avhich are to ordinary determinants m series 
are to finite sums. 

We can take an equation of partial derivatives representing^ we 
may say, a eontinucius infinity of equationSt nnd uso them to de¬ 
termine an unknown ftmetion represemijig a continuous infinity of 
nnknowns. We then have ether infinite determinants which are to 
ordinary determinBiits as iiitegruk are to finite surns. Fredholm 
used this method; his success moreover came from hk utilisKiimu of 
the follow'!ng fact: If. in a determinant, the elements of the prin¬ 
cipal diagonal are equal to unity and Ihe other elements arc 
homogeneous and nf the first order, we can arrange the developmenti 
45745*— Bii lOUO - 10 
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of till! dotemiinant fay camfaining in ji singic group nil tho homoge' 
ncotia terms of the same degree. The infinite determinant of Fred¬ 
holm may be so orraugicd and it happens that we thus obtain a ton- 
Terging series. 

Has this analogy which certainly guided Fredholm given ns all it 
ought to? Certainly not. If Ins kucl'css came from the linenr form 
of the equations we should l)c able to apply ideas of the same nature 
to ^1 problems havnng equal tons of linear form, and, indeed, in' 
nrtlinarr UitTerentini etpintions, since their integration mav l>e iib 
ways reduced to that of linear equations of partial derivatives of the 
first order, 

Recently the problem of Dirlchlet and those connected with it have 
bwn npproachetl by another iiietl™!, returning to the original one of 
Dirichlet and searching for the minimum of a definite integral escept 
that this is now done by rigomiis processes. I do not doubt that 
these two methods without miidi diRiculty w'ill be made comparable 
and advantage taken of their mutual relationships. Kor do I doubt 
that Mil will have niucli to gain by such a comparison. Thanks to 
M. Hilbert, who has been doubly an initiator, we are already on that 
path. 

F.—TIIK ADELlAff FOXCriOSS. 


The principal question remaining to 113 for solution concemlno* 
Abelian functions we know. Tlie Abelian functions Iwgot fay the 
mtegrals relative to au algeliraic curve are not the most general ones* 
they belong only to a particular ease, so we may call them special 
Abelian functions, mat is their relationship to the general func¬ 
tions and how shall we classify these latter? R„t a short time am 
the solution of thesB pn^hlcms seemed far distant. I believe that it 
is virttiafiysolv^ to-day. now that MM. Casein uovo and Knriouca 
have puhhal».d their recent memoir upon the integrals of total differ¬ 
entia s of tlm vancties of more than two dimensions. We know now 
that there are Abelian functions btdonging to a curve and otliera to 
a surface, and that it will never lie necessaiy tn extend them to more 
than ^o dimensions. Combining this risuilt witli what we mav ob 

IIhoJ™!!’ IVirtingcr we will doubtless raach the 

end of nil our nifnttiJties. 


M* THE TltEORV UP JTTSCTJOXrt. 

II is with regard to functions of two and of several 

vaniifalcs that I wish to speak. The analoev with th„ 1 V i 

^tiele T,™bfe Ri,,, . h«,fci™t goWc: iEo« U „°n 
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ail unexpeetef] otistncle has boun flncouiit^ircH:! which has sometimes 
been overeoine by Hpecia] sirCifices^ bitt which $o far has more often 
remained Insuniiountable, We ninst therefore search for facts from 
first principles to make clear to us this difference between ftmctiona 
of one variable and those containing several We should look first 
more closely at the devi<!es which have brought success in certain 
case^ to Bce what they may have in commun. VV’hy is a conformal 
represen til Lion more often impossible in the doninin of four dimeii- 
Eions and wb^it shall we substitute for it f Does not the tnic general- 
iziition of functions of one variable come in the honnonic functions 
of four variables of which the real parts of the functions of two 
variables^ nre only particular casesf Con wc make use of what we 
know of fllgebraic or rational functions in the study of transcendentnl 
functions of several variables? Or^ in other words^ in whal sense 
may we say that the transcendental functions of two variables are 
In transcendental functions of one variable as rational fimctions of 
two variables are to rational functions of one variable? 

It is true that if c=/ (la?, y) we can, whatever the function / may 
lie 3 express s, respcclively, as uniform functiiuis of two ansiliniy 
variables, or, to employ nn expression which has bit'ome common for 
this pnK'css. can we make nnifoiTu the functions of two variables 
ns we do those of one? I limit myself to tlie setting of the pmbkm, 
the solution of which may perhaps conic in the future. 

Vlt. THE THEOliV OP 

The theory of groups is an extensive subject upon which there 
19 much to be wikL There are many kinds of gwiuijs, and whatever 
cJns^ification may lie adopted we will alwava find new groups which 
will not fit it- I w^ifih to limit myself and will speak here only of the 
continuous groups of Lie and the discontinuous ones of Galois^ both 
of which we are now wont to clascrjifj as groups of finite orderj al¬ 
though the term does not apply to both groups m the same sense. 

In the theory of the groups of Tde we are guided by a special 
nnalogj'; a finite transformation is the iiesult of the combination of 
an infinity of iiifinitcssimal transformations. The simpkist case 
is that xvhern^ the infinitesimal transformation is equivalent to the 
multiplication by 1+e, where e is vri^ small. Th^ repetition of 
these irauri fa rmaf inns gives rise to the exponential function; that was 
Nepers method of jjrocedurcH We know that an exponential func¬ 
tion can be expresBcd hy a very simple and very convergent series, 
and analog}'- should then show us what path to follow. Moreover^ 
that am logy may be ex:prefised by a special ?ym holism upon which 
you will excuse me from dwelling. \Vd are already well advanced 
along this path, thanks to Lk, Killing, and Cartan; it remains only 


1S8 ‘ ASirUAL aEPOHT SMITHSOITTAS I^TSTITUTlOU, ItTO. 

to siiuplify tin? ilrnioiiiitnitiotis nnd to coordiniite and the 

results. 

The study nf the groups of Gulois is miich less udvat](.-eth and for 
a Tcry simple reason, that sdini* reason which makes arithmetic bC' 
hindhand to unulytical geoinetry. that lack of continuity which is 
of such great use for our advances. But happily there ig a iiiiinifcst 
paruIleUsai Ijolwccn the tivo theories and we must try to put this 
more and more in evidence. This analogy is exnctly parallel to 
that which we have noted helween aritljioetic and algehra and we 
should derive from it similar aid. 


VJIl. CEOJrETHV. 


It seems at first sight as if geometry could contain nothing which 
is not already presented to us in algebra and analytical gei>metry; 
for the facts of geometry are lumght else than the facts of algebra 
and analytical geometry expressed in another language. One might 
think then, after the review which we have just made, that there 
would remain nothing further to say spet^ially about geometry. 
But we woidd then be uiiiiiimlful of n well-built language, mode of 
argument, of something which adds to the things tiiemselves a mude 
of expressing them and consequently of grouping Ihcai. 

And, moreover, geornctrical considerations lead us to propose nciv 
problems; they are, indeed, if you so choose to call (hem, analytical 
pr^Joms. but they would never have lieeti proposed through utia- 
lytical geometry alone. Meanwhile analytical geometry prfjfits from 
those just as it has profited from the prahleius it has been called upon 
to solve for physics. 

Common geometry has a great advantage in that the senses may 
come to the help of our reason and aid it in finding what path to 
follow, and many minds prefer to put their problems of smnlyiieal 
geometrj* in the ordinaiy- geometrical form. Unfortunately our ^nses 
e.in not lend ns so veiy far, and they fall us when we try- to escape 
from the classical thrw dimensions. Must we say that, departing 
from the limited domain where our senses seem to wish to confine us 
we must no longer count upon pure analysis and that all geometry of 
more than three dimensions h vain imd useless? In the generation 
which precedeil iis the greatest musters would have replied “yes ” 
Wc have nowadays Is-come so familiar with this notion of more than 
thiw dimcuBional space that we may speak of it even in the university 
Without arousing astonkhnH’nt. 

"li-t purp^ can geometry sene? It giyes na, ctose at hand, 
a mo^ convenient bngua^ which can express very concisely whul 
thi latipiage of analyticBl geometty can express only in yen' prolix 
phraseology. Moreover, its language gives the sa^ie nam^ UL 
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ther€ lire ti^emblance^ lujil iiOli-cus uriiilugii^ so thut we do not forget 
Jheni. ^ViitJ even more, it guides us into thnt space which is too vast 
foL” us and which we may not sec; it does this l>y ever bringing to mind 
the ndntioBs!ii|) of flic latter space to our nrdinnr^^ visible spaccj 
which wit lion l doubt is only a very injpcrfecl image^ but which never- 
thelesii is an image. Ilei'c further* as in all the jweededing instances, 
this analogy with w'hat is simple allow;? us to comprehend that which 
is complex. 

niLs gi'onictry nf more than three dimensions Ls not a simple 
analytical geometry; it is not purely quantitative; it is also qualita¬ 
tive, and it iain the loiter sense llitit it l^ecDines es|iccially interesting, 
I'he importance of the Anal^^is SUm is very great; I ciin not insist 
too innch on that; the advance which it hna taken from Kiemonn, 
one of its chief crciitors, is enough to inflicute this. It is css^cnthil 
that it shoukl be constructed conijdetely in hyjHirspaee. "We would 
be then furnished with a new sense* one capable of s^»cing realh' into 
hyjwrspace. 

Tlie problems of tlie Atmljfah Sihia would fierhap^i not have l>cen 
thought of had there Iteeii only the language of analytical genmetn” 
or rather^ I am wrong* they would certainly have been iict, since their 
solution is ncce^saiy for many of the questions of iiiiiil^vllcal geom¬ 
etry; but they would luive l>ecn set one after another with no indi¬ 
cation of 11 cuinmon bond between tlienu 

It is the intrxKlnction of the ideas of transformations and groups 
w hich has cnutribiited esjTeirially to the reeeiil progress in geometry* 
We owe to these that geometry is im longer an assemblage of more or 
less curious theorems which follow each other with no resemblances; 
they have now acquirt^d a unity; and^ furlhermoreT w-e must not forget 
in our history of science iliat it was for tlie sake of geometry that 
31 sy^demntic iftudy w'as started of continuous triijLsforrnations* so that 
pure geometry has contributed its part to the develcipment of tlic idea 
of the group so useful in the other brunches of rnailicmatics* 

Tlie study of groups of {mints upon an algebraic curv^e, according 
to the method of Brill and Xoelhor^ ha!^ given us also fruitful 
results either directly or ns serving as motlels for onalogoiift llieorie^’. 
We have fhiis seen develop a w'hole thapter of geoiiieln' where tho 
turves traced upon a surfnm' jihiy a role similar to ihnt of a group 
nf points upon a curve. And froin this very day on, wc may hojjo 
to see in this wny light thrown on the hmt mysterii^ which exist in 
the study of surfaces and which have Ijcen so diflicult to solve. 

The geometric inns have thus a vast Held from which to reap a 
harvcHit* I mUKt not forget enumemtive gcomotn^* and e.Tjwcially 
infinitesimal geometry, cultivated with such brilliancy by >f. Dar- 
boux^ and to whidi il, Biaudil has added sudi useful contributions* 
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If [ del not *ay more tipoti thb nubjcot it T liave nolbiiig 

to add aftor the l>rilliaiiL lecture hy 5f. DsirUiux.* 

IX. TAX True 111 M* 

I hnTo already spoken of the need we liave of L-ontininiUy going 
bark to the firrst principlefi of our science anti the profit we may thus 
ohtidn in the study of the liuman rnirtd> Lt is this need wldrU has 
inspin^d two attempt a which bold an iinjMirtant place in the more 
recent part of rnothrmatical history. The lirsft is Cantorism, whose 
services to s<;ienre we all know. One of the elm racier istie traits of 
Cantorism is tliot in plare of generalizing and building tlKwiretns more 
inul It lore complicated cm top of each oilier and ilcfining Siy nieatis of 
thei^ const ructions tbemselve^it frtsirlsont from I he gchustruprtuniim 
and defines, as tin? sdiobistics would have aaidj ja?r genus proxlmnin 
el diffcnuUiimi sijccihcaiii. IVhut horror would have Iwen brought 
to certain minds—that of Hcrmitc, for instmnecT whose favorite ideu 
wim comparing the nialhematical to tlie natural sciencx^! IVilh tho 
most of ns ll]c^i€■ prejudices have pas,sed away, but it still Impjiena that 
we come across eerlain piiradoxcti, certain apparent ccui trad let ions 
which would hnve over whelmed Zenon d^Elec aud the school of 
Mvgcw w ith joy. I think, and I am not the only ime who dcfss that 
it k hupirtant never to introduce any conception whidi niay nnt la? 
completely dcHned by u finite nuuiWr of words, Wniatovcr may Ijc 
the remedy adopted, we van promise onrM?Ive.^ the Joy of the physb 
dan calletl in to follow ii l>cautiful pathological case.* 
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Ami ypt, fitrtlier, wc are tTrin/j to emimcrate ilie oxbins and posta- 
Idtcs, ninn* or less Jeceiring, whicli sene an the foundution stoneii of 
ourTarifflis tnathrmEitiral theories, M. Hilluti l has olitained the 
.brilliant results. It secow now ns if this domain must Ije very lindteil 
nnd (hot there will not Iw my more to lie done when this inventory is 
tinbhed, and thot wLU be verj' soon. Eiit when nil has been gathered 
logtiQier there will be plenty of wiijsof elfl.-ffiifving them, nnd u frooi] 
hliniriiin will ulwaya find something to Iiubj- lilmself with and taeh 
r]]is.si(iiuti«n will be instructive i« the philosopher. 

t stop this revii.w, which I could not hope to make complete for 
many reasoi^ ami I have already drawn too much on ;o.,r 

P»tie^i«;‘. ] liebeve that my examples will have tieen anfficieiil to show 

yon by what means the mathematical sciences have progressed in the 
past and along what paths they must proceed in the future. 

Re^ut gCneiaie iBtoltealmal gMioetrj ). 






WHAT CONSTTTt^TES SrPEKTORTTY IN AN ArR-j^inP; 


By CuKUmniiiLirit Paul Br^ AKliL 


The qiipi^ion hns twen miidi discuEsed as to what type has the 
mo^L noteworthy qiuiUtithis uniong the nuiiienjUH devices which are 
to-day uarryiiifT nveii through iho jilr. Some are partisans of the 
acroplaiieT others of the dirigible, and these two earnpa are idwiiys Jii 
rivalry, sometimes in open cnmityT sc) t\m unaniTiiily is far from 
prevail iug. 

In aviation there are monoplane and biplane entlinsLastfi, lliose 
who prefer aeroplnne^ withdul a tail, such as the Wrights^ machines,^ 
or with a tail* like all tlm others. In aerosintioti, or ballooning^ 
siHiie contend far the tiexihle typ^^ like the Vill^ d^f others for 

the semirigid type like tlie atid lastly, others %vha vaunt 

llie meriU of the rigid type, like the Z&ppdiiK 

How esn anyone know where to stand iti the face of all these opin¬ 
ions! Frmii a technieal point of vievv^ excellent arguments can be 
found ill favor of each of the present types of Bir-s«lu|>s as well as for 
ihose which tnuy l>e later deviscil: specialisbi can diseii^ these ques¬ 
tions imlefinitelyp Although as far as I am coneemetl I have a welt- 
established opitiioji on this ]Kdnt, it is not from the tlieoretietil stand- 
p<)ini Unit 1 wish to express myself to-day* but without wisliing to 
pass judgment it seems to me worth while to at least indicate the con- 
siderations on whidi such a judgment should be based- In a word i 
should like to deterniine here what, frcpin a praeLitral jioint of view", 
are the i[ualities which can he dematided in ati ulr-ship, and from 
iLtnong these qualities to choose thi^ which are of the greatest im^ 
portatice and which as a eonseqiieiice should preferably serve as ti 
criterion in piisising judgment cm a blructure of a new kind. 

According to the point of view, very different ssirts of perform¬ 
ances, If 1 may use such nn expression^ may ht^ ex^jected of an air-klilp* 
You may, for example, wish to rise as high as jxtssible in the air, and 
the capacity for upward ascension in such a case is evidently a iinality 

‘*TroiiH]ntetI \tj JK^rmlE»slQll froiD Itevue dcB Bens Mpmlen, to], 64, Soy. 1, 
lUUOp m 

•Tbe AVrIijLt aeroutiane now rrovlded wttli a tatl^ or rear horlaoiital 
riaJiler. — Ed. 
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to l>i? coasiJ^rCf!* It is myt <»noiigh tn^fely to risp^ howeATr, but It is 
Iilso Iietes^rjf lo stay diere. The jwriod durin^^ which tlip nir-shlp 
Hhall remiiiti suspended in tlie nil without touching the gronnd, there 
fore, is nitio one nf the elemeuts of interest in the iiiiestloji- 
Another phnse of theqiieslicn in that uny engine of locojofitiun must 
be nhle to cover distances: llie distance which scpnralca tlie ijoini of 
departiitie from the finisliing jKiinl is tlitrefore one of ihe essential 
characteristics eif a voyage. In fact one might be tempted to say that 
the Le^l air-ship is the one that can travel the greatest ilislritire in a 
single flight before toucliing the eartli. 


Finally, it k not only necessary that a certain given distance shall 
hfl covered, but it must take the shortest possible time to accomplish 
it. In other words, specil k the most highly valued (juality at the 
present day. In all types of ItK-omotion, whether by bicycle, nntomu- 
hile, railroad trains, steamboat, or motor boat it scans that the prin¬ 
cipal aim is speed, always speed, and still more speed. This search 
fi>r ncceleratioii in means of tratLSportjilien k one of the rlmracter- 
ktica of our epoch; niid it ia not to Lie wondered at, for aitiiongh nil 
space ia open to uji, still our time is pacsimoiiiously dealt out to us, 
and the best way we can use it k to cnrcfnlly economiKe it by the use of 
the powerful meehnniral means at our disposal. 

Aerial nnviptioii does not escape from tliis general law of locomo¬ 
tion. Speed is therefore one of the impijrtflnt elements in tin; meas¬ 
urement of the value of an oir-ship. [hit a distinction must here be 
made, for there are two kinils of speak to U- wnsidcred, termed 
absolute speed, and individual speed. The absohite or eifcctive speed 
IS the one commonly considered. It the speej measured with re- 
gaH to the ground over which the air-ship Ls passing. If a dirigible 
Etiirts from Pans at H in tlm morning and at 11 ox-lock is above Au- 
serre, the distance lietweeii the two cities being IW kilomctei^ as the 
crow thes, we would say that its aUolnte velotutv had L^n .m the 
average 50 biinmoteni on hour. Thk absolute speed is il.e one of 
practical interi-st. It k the plain fact, all modifying circLimsIatices 
licnig removeti from tlie cakiilatioti. 

Froni the point of view of merit In a device, however, it U pre- 
e^ely these nmlifymg cireumstances that slmukl be coiiaidemh The 
effective velocity limits frem tlie combination of two otlier velocities 
namely, the individual velocity of the vehicle, which will be defied 
shortly, and the velocity of the wind manta 

mdiviclu. idoc,,,- „( u very SMnfe. 111 

Ih. vriocil, which the nir-ehi), coiilj a,„iw 

s^in^ It IM tlio velocitv' in i^uhn jiir uf fiiinllv !t« voi ^ 

e... Kith the "• 
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Of theses two e]™entss the combination of which detenuinea the 
iib^oJuto velocitA^ onc^ llie individual velocity, depends op the con¬ 
struction of the air-ship j and the etJortss of nil ncrofiautic engineers 
wre directed toward giving this as greiit a value as poissibk; the otlier 
element^ Uie tehjcity of the winentirely beyond us and we must 
submit to it, whatever it is. Unt nccordiiig to tlj# direction and the 
velocity of the wind, it is necesaaiy to hjive very different individual 
velocities to obtnin ii deterruined elTective velocity. 

If, for essmple, on the day when our dirigible traveled from Parl$ 
to Au^erre in three hours, the wind Inid blown exactly In the dei^ired 
direction with a velocity of 00 kilometers an hour, the wind ulone 
would have been siaflicieiit to nwomplish the voyage in the time given 
without any interventiuii of tha individual velocity^ The aeronaut 
could Jiuvo stap|>ed his motor anti tliuiJ would have made the journey 
ut little cost. The etfective speed would br the same as the velocity 
of the windj the individual speed sieroj the wind w^ould have doiieuU 
and the machine luithing. 

If the wind, however, although blowing in the proper direction 
from Ihiris to Auxerrot had had ii velocitv of only kilojueteis an 
hour the aeronaut, if he wei'c contented with allowing himself to be 
carrie%l by ibe wind, would have taken five hours to make the journey 
instead of To attain the previous sap^d of fiD kilometers per 

liour he would have to add toutlie veltM'ity of the wind the SO kiluiue- 
tei'ii lucking, and this dilfereuce wouid in; nothing else but his indi¬ 
vidual speed* lo s^uch a ease we should say that the velucity of the 
wind had been SO kilometers un hour^ the Individual velocity 20, and 
the effective or absolute velocity tiO kilqmetei^ per hour. Instead of 
doing all the work as Ix^fonr* the wind had only dune the greater part 
and the motor the rest* 

If the velocity of the wind had been bui 10 kilometers^ the motor 
this time would have had tu mill not 20 kilumetet^ but 40. In this 
case the motor would have deserved the principul credit for the 
voyage, and the wind would have furnijilied only a slight supple- 
mentary velocity, 

r.fet ns supijose now that the air is absolutely calm, that is, the 
velocity of the w'ind ia Kero. The motor alone can be counted on 
here* and it is due tu it that the speed of 50 kiloineters on hour 
attained. The etlecdivu velocity w'ill be equal to tlie individual 
vdocity, und the motor w ill have done all and the wind nothing. 

Finally, if the wind, with a velocitv of 30 kilometers an hour, 
is blowing not in such a direction as to be astern from Paris to 
Au.verre, but in the opposite dire<.iian, the motor will Iw required 
to furnish an individual speed of SO kilometers an houiv The first 30 
are used up merely in compensating for the unfavorable effects of 
the wind, the cither 50 alone being effective* This tiiue the motor 
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Iifi$ Tint only Aam everything* m in ralm nir^ but it luis done ini>r'e, 
fur in uddhion to the abi^olute velocity it had to ftirnish o surt>lti« 
of individuiil velocity to coimtertjidatice ilie hindering effect of the 
wind. 

Ill a wordt in order to aLtoin the same practical rc^tiU as before, 
that is, tin iil>soUite voliKrity of r>0 kilometers nii hour* the inotur 
sliuuld Ije capsible uf giving to the air-sliip an individual veIo^?i1j 
of iK !20* to, otX nr SO kilninetets an hour. 

IVe biive ctitiMiilereil here only tile simplest ease—^whm tile wind 
hlows in ihe direction of the place to Iw reiiche<l or in exactly the 
r»pIK^ile ilireLtion. This is nlmosit never llie eoi^e in practicrCj so 
*tlint it lieeoines necessary in each cubc to {Ictennine what the indi¬ 
vidual vdwity must lie la attain a certain atr^olute speed. The 
prddein k tiuw a little iiiure eiiin plica ted, but llic conclnsjotis iivv- llie 
same, and the individtial veloeily is necessarily soinetiiiies leas, some¬ 
times more, than the al^^lute vehnuty, nncl at tinses tlie two may 
even Is? I'viuatr To snm np^ all Ilia I may In; sail! is that the wind 
can lie eilher a help fir a hindrance to llie pnigi^^ss of Eiir-.Klii|js* aiul 
in exceptional casen neither ob^itmets nor is favorable tu I heir evo¬ 
lutions. 

Hy those with a different point of vieWj it may finally lie asked 
if ihci-e is not ap[>[»rtuiiity to uieasure the value of nti air-slii[} liy the 
ainonnt of nseful weight crarried* in pc^rrWJiinel or in material. Tlie 
jK>w'er of transporting is t*ertainly one of the qiialities siiught for in 
cert II in veldcle^iM 

All the qualities which we have passsed in review'—altiludet dura¬ 
tion of voyagCt di-slance covered^ velocity, ]iower of traiisjMHiation— 
Iniivr the eoiiimoii ciiaracteristic that Qiey may be nica,sured exactly, 
their value can lie expi^essed in precise hgiires, and thiisihey fLiriuah 
u fixed inathennitivul standHril of i'omparison l>etweert different typc?s 
tif air innchinc?^, for they are hasi^il on rigorous observations, and 
(pjcstiuiis of be nti II lent liuve not inter venedK For instance, if the 
altitude attained slioulil be taken as the critcriun of the value of a 
dirigible, the one that has ascended to a height iif LfiOO meters is 
incontcstihly superior to one that has only attained a height of 1.^00 
nieters. If it is it niatter of distance covered, the one which in a 
single llighi has traveled ttOO kilometers is su|x*rior to one which 
bus oil Uncovered TOO. That mueh is perfectly clear. 

There are other qualities, how ever, less exact in their nature, w hicti 
nrvc^rthrlcriii an» not negligible, wnch as security* ctmifort* uml pleanure 
of vityagi=K. 

I do not care to enter into a detailed examination of these phases of 
the siihjed, partly because they can not be exactly valued, and further 
tx'ciiuse they are rewdily attained by devices of secondary importimce* 
Thus by the use of flexible ousbious and backs with head rests the 
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*iiivelpr’'s comfort is eiisily increased^ Tliewe ure; questions to be 
referred to the skill of an upholsterer and not to tin engineer. 

There is^ however^ one property that is highly iinj^ortanL for safety 
find comfort in a vnyngw—tlie stabllily of the vehicle. This stability 
is obtained by mechaniKm of n technical nninre; il is often very <iifli- 
eiilt to obtain and therefore should lie euusidered in connection vriih 
ihe inrj|“e exact qimUties first discussed. In n g^iven vehicle^ stability 
can !>? interprctofl in several The center of gravity of tlie 

ii]>pnnituH can describe o very regular tmjectoTy* h\n the vehicle timy 
nevertheler® lie exceedingly nnsEahle; il may go thirnigli oscillatory 
tnovciiients vvliich ^tv liiglily uiicxini fort able and occasionally danger¬ 
ous, 'riiesf* moveiLieiits have been given dilferent nanies Hccorfling to 
llie direclion they follow. When they are in □ liorijjiiojjLLil plane they 
are said to be zigzag nioveiuents nr yuwiiig. If it is a question of 
vertical iiioveinent, it may Im‘ of two soils—iti a loiighudjiifll direction 
it is called pilcliingj tind if in a tmnver^ diriNetion it is roiliug. 

AUhniigh displaceiiieiits of this kind do unt alTecl llie trajeetory of 
the (‘enter of gravity^ and consequently can not prevent the vehicle 
from following its. course* they are iiniie the less diH^agrt^eabkv esjie- 
ciiilly If !^veriLl of them aie combined* Stnibilily of direction^ longi¬ 
tudinal stability, and transverse stability* which will enable us to 
avoid, respectively* yawing, piteldiig* and rolling* are therefore 
qualities highly flrsirablv* 

There is a fourth sort of stahility that is a special quality of air¬ 
ships. This is stability of □Ititudc. l^md vehicles are foi-ted to 
keep til the level of the groiirid on which the}’ rest. Aquatic carrier?? 
float on the surface of the water; air-sliips* on the contrary, and with 
them niijst W ehiSttcd submarines* are submerged in a fluid and can 
a stolid and descend tbroiigh the gaseous or liquid ma^ \\1ien the 
air-sliip rcmaitis at the ahitndu chosen by the pilot, or wlien it mounts 
or descends at his with it is said to have stability of ultiludc. It does 
not have this quality when its vertk-al movements arc invohintiiry and 
beyornl the control of the aeronaut. 

IL 

Wo have thus completed the enumeration of tlie qiioUties which an 
air-Khip iiniy p<jssess. The question is now to cIuhisc from among 
Iheiii those most important in determining the value of the convey ft 
liu\ before nuiking this ehoice it is indispens 4 ibie to know from what 
point of view it is to lx? made. One may inquire aw to whidi of tliese 
qualities is the most diflicuk to obtaiii. If the technical stiinding of 
engineers were to be determined that wouhl Iw the eour?^ 1o puri^iic, 
and we should proclaim the superiority of the troii^itructor who had 
endowed his madtine with the qtuilities whidi are the hardest to 
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ettaiii. But It is not a question of awarding prizes to engineers. 
We wmti to know- %vbiit air-ships have the greatest practical advan¬ 
tage*. In making our choice of qualities ’we shall not demand* there¬ 
fore, those most difGcuU of attainment, bui those most desirable in. 
themselves. We can afterward inquire if the most desirnbb qunltti^^ 
are more or less difiieult to realisw; this will be merely an accessory 
matter. 

We are therefore called upon to pass jiiilgment npon the practical 
advantages in types of air-ships. The first consideration is not to lose 
sight of the conditions under which by definition itself an air-ship is 
operated, conditions dilTereiit from tliosi^ which a boat or a mil way 
train meets; no one. can justly make an estimate of such dissimilar 
devices without recdgtilining the fundamental conditions of their 
ntili^iation; that is, the nature of the supporting medium in which 
they rnovc!, the earth, water, or ntr. 

Loconmtiuti nti hind hriiigH into touch nil the habitable places on 
the earth except those separated from each other by ex pi uses of 
water impossible to bridge^ But with this udvantage there is still 
no element of great disadvantage^ To attain on land jHTfect condi¬ 
tions for speetl and carrying |>ower, U has not been eiiongb mcroly 
to train animnhi or create powerful timl ingenious machines. 
achievements would not ha ve counted for Eniidi unless the route hud 
been prepared by tlie constriictinn of roadwayaT inimlving an emw- 
mons n 111014nt of liilwr and money. Without highways and railwav^T 
antoiimhiles atid locomotives would hv |>owcrles.'i. This is so true iit 
the present day tlml the importance and the perfection of the warn 
of commuuioatiun are cohsiclerwl the principal criteria of material 
civilizationi and whci'e these means are incking we are no furlbvi 
advanced than were those of the daj’sof tfosliiia. 

A wilier transporluiiqn line, anil herein lies its inferiorityj oulv 
admits of the joining together of a very limited timutxir of placed, 
those plojig the sliores of «eas or along navigiilde streams. There isj 
however, the eiioriuoijs advantage of not requiring a preliminary 
preparation of roadwaj^ To travel by water, with all the iwrfeiv 
lion [KMihle to obtain* it is only necessary to have good sliipia. The 
sea baa at all times been the chief means of conimiinicatioti between 
the various countries uf the globe; all the ocean shores have Ixjeri 
fairly well known for a long |k!rifxl, while there have remained iiii- 
mensc tracts of country iinexplomi in the interior of the cimtineiitK. 
If to venture un hypothnsiiiL there exbtcd in the center of Africa, 
or in the midst of the dcsem of Asia, an unknown but populous citv' 
the center of n flourishing civilUatioin the espbi-m^ who hud dil^ 
covered it could tell of its marvels on their return, but this newly 
dWovered city would biill remain apait from general civilizatioli 
simply because it was not connected with other countries by per- 
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fectcd wftys of oommiiiiifrBtion. If. on the oontriiry, there should be 
discovered in the solitudes of the Pacifie nn islet, in itself of little 
importance, it couJd be brought into dii*ect communkation with 
Nett' York, ilarseille^ and Sidney, and enter iniinediately into the 
circle of mundane affairs. 

Aerial navigalion mrnbirjes ihe ativantages of its older sisters and 
is free from their Itieduveniences* It emn coimcct Paris and Kio de 
Janeiro as well as Madrid atul St- Petersburg. U no more n^quires 
the preliminary construetioii of of foinnnmicatioii Ilian does 

maritime irans|Mtrration. It creates direct bonds of conimunicalion 
without iiiterinediary iigeiieics, and to utilize it it is only necessary 
to liave iippmprittlc vehicles. Thanks to this menns^ all points on 
the globe may enjoy tlie privilege whicli has liitlierto been i^rved 
to iho shored of lUe sea^ and in a few years the atmofipliere will 
certainly be the great tnedinm for bringing people together jtist as 
the ocean has been for a long time in its more limited and less perfect 
fashioD. 

III. 

These general considerations are not mere digression frotn the ques' 
tioii whiidi we are ci)nsidering to-day. We must not loe^e sight of 
them if we wish to esrimate things clearly^ Do we not often hear 
the i^mark: ‘^Of what importaijco are dirigibles or aeroplanes? 
lliey do not traved as fast as railroad trains: they have much less 
carrying capacity than lioats^' would ii not be worth xvliile mther to 
jicrfect I he tirne-honoml knil or luarititue luetins of travel than to 
search for n new- method of transportation?’' 

If aerial navigation did not differ in its essenlml projierties from 
these other modes of locotuolion known from the most ancient times 
this presentation of the case would be entirely rational but when 
men pursue so indefatigably the conquest of the air and the public 
follows its jn'ogress writh sudi interest, it is not because they liope 
to discover in this way the means of posa^essing in a higher degree 
the qualities of speed and capacity desirable in any vehicle, it is be¬ 
cause of qualities found alone in aerial navigation. If this were 
not so the conquest of the nir would still certainly be an important 
question, but it would not be w'orth aD the efforts ibat it brings foith 
and the excited interest that it amuses. 

We can not actually realize what is before uSt but there Is to-day 
on idea latent in every mind that the investigation into aerial loco¬ 
motion is not a vain caprice of mankind, but springs from u deep 
and instinctive feeling that extraordinary* changes are impending 
in the conditions of humanity. 

Wei must now go a step further into the detailed study of the 
qualities w^hich we have enumerated and choo« the most importank 


148 report ali^TTHSO^^^T^ TX^TirUTtO^T, IMO. 

Tlie first qualiti" which I njentirined h thw fncsilty of ascending 
to tin; greatest possible heigljL Tlic rucuti^i for ummipibliing this 
end are ditferentT according to whether the machiues are heimer 
or lighter than air. In the Qr^t qas^ it is necessary to have at your 
disposal a motive flower greater than th^t necessary tn snstain and 
move the mRchine in a liorisiontal plane. It b therefore a question 
of the power of the motor. 

If, however, the uir-ship is a dirigible balloon, the motor ilt^^ not 
oome into evmsideration. It is only Jlece^^Knry to throw off a definite 
weight of ballast, and the greater this quantity is for a given balloon 
tJic higher it will ftBceiid. IieHide$ the weight of the motor and the 
iiierhiijibm ilself and the weight of the fuel and other supplies and 
of the passengers^ arrange mcnbi must also he made for a siipplemen- 
itiry iveight that can be sacrificed* It is not enough to increase the 
volume of the gas envelope^ in order to 5nci\‘o^ the dispeosplde l>al- 
last 111 the fame proportion, for the altitude uttuiiied dws not depend 
on the abscdiitc amount of ballast tlimwti oil hut on the ratio of this 
weight l<] the VDltitnc of the haUimn* Tf^ for example, with a balloon 
of 1*000 cubic meters an altitude of about 2,^300 meters should be 
attaimHl by releasing 250 kilograiiiis of lailkst^ to attain the same 
nUitadr with ii balloon of 2,000 cubic meters rapacity not 250 kilo¬ 
grams^ hut 500j must be thrown oJt^ If the xveight of the air-ship 
itself* the motor meeliimiam* the supplies, and the pa^isengers 
increased pro|>orlionate]y w ith the volume of the gas envploiw, wo 
would always have the same proportion of ballflht and could aEcend 
no higher in one case than in the other* This, however, is not 
the faci. for large hallooiis can cany a larger proportion of balhist 
than MTiall ones, aiul it is with theise that high nhitudes are most 
eiiflily attained. The altitude is therefore to a great degree a qiics^tion 
of volume- 

It may be remarked that if lighter motors for a given power are 
provided^ or greater power for a given weight—in other words, if 
lire weight is reduced, there would be more dispensabic weight* more 
ballast per horsepow'er, and, consequently, a greater capability of 
ascension. It is also evident that to attain an extreme elevation the 
wei^it carried should be rcKliiced as ranch as possible. Thus the 
rmmljer of passengers 4=hniild lie redu(?ed to a miniranm and Htfle or 
no extra raateriul carrkrh By doing this, in the case of a dirigible, 
the clispensnhte ballast can be increased to the extent of the economy 
which bus been realbofl in the rest of the equipment. In the case of 
an aviation machine if its total weight isdinUnished and^consequenllv* 
tlie cxpeudllure of motive jwwer necessaiy^ to su^d:nin the tnnchiiie. 
the exccss powei aV' q liable for attaining ullitudes is thereby also 
increased. To sum up, in all air-j^hipSj of whatever kind, altitude may 
l3e uttulpcd with a facility cyrresponding to the powder aviiilable for 
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gh'^n but wiiU dirigibles the jirincipal method of rcadiing 

lilgfier ultitutkij is by increasing the dimension of the gos envelofre. 

An aeriul voyage am l>e prolonged as long as supplies remain avail- 
able^^ whether the air-sbip be lighter or heavier than air. The most 
important of these supplies Ls fuel for the motor ami the aceessory 
liibrientiiig 01 ^ the weight of w'hich is com para lively ^malL In 
dirigibles Ihere must also be a supply of baUasl proportionate to the 
length of the voyage. The quality ot duration is therefore a question 
of transporting capaoityy and the methods of obtaining it are the 

The distance that caii be coveted is evidently proport ion a 1 to the 
dll rut ion of the trip, and is also proportional to the idisidiile velocity 
of the air-slijp. We have just considered the dnratinn; its for the 
alisoliite >peeiL it is a qtmhty that tiinst lie considered by itself. We 
have^ therefore, (uf regunb distance only one thing to keep in mindy 
and that is. it is obtained by combining the meiLos used to attain 
duration and velocity. 

Xe aliTOfly stated* absolute velocity is a resultant of two velocities^ 
that of the wind and that of the aiC'Ship; wdth the Tvmd we can do 
nothing, but the individual velocity is another matter. It may la? 
remarked that if the individual velocity should be less than that of 
the wind, the machine would not advance but would recede more or 
less from its point of departisre, Sncli a machine, however^ would not 
bo dirigible and would not de^rve the name of air-ship/' We mean 
to consider here only devices really dirigible^ that ih* those wbns^ 
velocity k greater than that of the prevailing wind. In this casci 
whether flying against the air or with it, the abHuhile velocity will 
increu.'^ with the individual velocity. Let ns snippo^ that the wdnd 
blows .’jf) kilometers an hour. Tlie nir-ahip with an ijidividiiu! velocity 
of riO kilojiieterH will mnke !0 kilometers au hour against the current 
and 110 with it. If it has an iudividiinl velocity of 70 kilonietcra, it 
can travel *20 kilometers an Jiour against the w ind and 120 with it. 
In either case it is erident that the alisolute vchicity increases w ith 
the individual velocity. One can even demonstrate mathcmatica-lly 
that when an air-ship describes a dosed circuit corresponding ap- 
proximutely to tJie form of a circle or a regular jKiIygon^ whatever 
may be the velocity and direction of the wind the one that possesses 
the greatest individual velocity will have ihe greatest average abso¬ 
lute speed around the w'hole course. 

As we can not affect the velocity of the wind^ to seek to increase 
the alisolute velocity is in fact to seek the greatest individual velocity. 
We have seen hoiiv desirable this qiialUy of speed is in itself. 
W ithout it dirigibility in impossible; aitd the greater it is the more 
frM]uent are the ooirjisions when we can travel in all directions and the 
greater will be the distoneea covered. Speed therefore, in respect 


150 AJSfXt/AL REPOET SMITHSOKTAK IKSTITUTIOjr^ 1900. 

to importftnc#-f the principal qiiullty in lUi nir-«hip, witliout which it 
is but the playlUing- of the winds^ and it is tow art! the ijnproTement 
of this feature tliat all efforts should be directod. 

How may this indi^’idiiiil velocity t» obtained? In dirigibles all 
resistance to forward moveineiit must be diuunislicd as far ns pos¬ 
sible; this is accortiplished by Jijiprupriate design of form* This form 
must be permanently maintained, powerful motors must be pnj- 
vided^ driving good propellers. To snm up, every improvement 
which can be devised with regarti to dirigible balloons should be 
directed principally if not solely toward the increase of their indi¬ 
vidual veicioitics* 

Tlie same h true with regard to aviation apparatus^ but in this 
direction tlie dlCicnlty nmch less, for because of their light design 
they offer much lesa resihtHnee to h>nvard motioti than die dirigibles* 
condemned to dmg along their enormous bags tilled with hydrogen* 
For a given motive power therefore the former can attain nmch 
greater speeds than tmllo<HiSr as experience has superabundantly 
dcmonstmtctl* 

However that may be, for the one or the other the individiuil 
Telocity is a question of motive ijower, and since in sn air-sJiip only 
a limited weight can be allowed for the Jiiotor, this must have as 
great a specific power as i^ossible; in otlier wordSt the w'eight of the 
gas engine should be reduced as much ns practicable* The questiou 
of individual velocity thus depends on the lightof the motors^ 
Tills motive power must, furthennore, be utilized to tlio best {>as8Jlile 
advantage, which can be done by proper pRipellcrs^, The resistance 
to forward moveinciit must l^e diiiiini^hed^ and this can La^ acconi- 
plidied by careful design. I'he air-ship must also be stable in all 
dinrctiuio^horizontallyj longtludinoJly^ or transveh^dy—for y’awing* 
pitching, and rolling, apart from the wean ing effect on (la^ugcrH 
and the dangers they may present, are forniidnblc obstacles to the 
best speed. \Vheu a dirigible moves sidewise it pi-eisents an enom^opSi 
surface to the air of a shape deplorable from the point of view of 
resistance* and the speed is diminished to an inconceivable degree. 

One ran almost sum up in a word what can be said about indi¬ 
vidual veliwity* It is this* that for an air-ship to possess this quality 
in the highest degree it must be cndow'ed with aU the others* 

There ^ remains now the carrying capocity. Here the queslion 
ap^ars in quite a different HghU according to whether the apparatus 
is lighter or heavier than air. 

ith n dirigible it is simply a question of the volume of the 
balloon. It must not be thought, however,, that bi" increasing in¬ 
definitely the volume of the gas cnveloiie that the carrving power 
of an air^sldp can be increased witliout limit. To enlarge the volume 
means to increase the fabric surface and this wiU demand greater 
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strength in a large balloon than a small one^ which will increase the 
weight of a square meter of llie ctiveiope and accordingly result in 
a. double cause of increase in tlie total weight. This will also be 
true with regard to the suspension conU and all the material con¬ 
stituting the dead weight. 

It c^n l>e demon'drated that in balloons of different volumes this 
dead weight increases nearly as the fourth power of the linear 
dimensions; that L^more rapidly thno the volume- Thus in a balloon 
of twice the voluiiie the deail weight will nut be multiplied by 2 
but by 2*52 t and with triple the volume the dead weight will lie 
multiplied not by 3 but by 4.M and so on. In spite of thL^ tiiifavor- 
able circumstance, however, we nmy say in the limits of practice^ 
that the carrying catwicity increases with the volume. It increases 
alEio with the lightening the motors^ for if the motor is lighter for 
a given power the economy in weight so realized can be used to 
increase the weight carried; in genemb however* it is prefeired to 
profit by this lightening by increasing the motive power and conse¬ 
quently the speed. 

In a dirigible the total ascensional force is the product of the vol¬ 
ume of the balloon by tlie lifting power of a cubic meter of gas. 
This latter quantity depends entirely on the specific gravity of the air 
and of the gas employed. As long m no gas lighter than hydrogen 
can be found there can be no hope of ii change in the present condi¬ 
tions^, and even if such a gas should lie discovered^ wc should alw^ays 
be limited by the weight of o cubic moier of air, 1.293 kllograma. 
This figure repre^^ents the e,ttreme limit of weight- that a cubic motcr 
of the gas could lift^ if h weighed nothing. Howeverr a cubic inclcr 
of pure hydrogen weighs only O.OtK) kilogram; a cubic meter of this 
gas therefore raises ii weight of 1.20f'l kilograms, and even if there 
esisted a gas of zero density only 90 grams per rubk meter w oiild 
bo gained over the lifting power of hydrogen. 

Consequently* it is true at the present day and always wiU be, 
that the total lifting power of a balloon can be only by 

an enlargcnirnt of its volume. 

In an apparatus heavier than air this total aacenrioiral force is 
again equal to the prcwbict of tAVo factors; in thih i^ase, however^ it is 
the surface of the sustwlning pbine.H^ and die atipp<>rting pow ia* per 
square meter* To increase tlds total ascensional force it thus Viecomes 
nce&Jiary to increase one or the other of these factors. 

Theoretically* the dimensions of the sustaining planes can be in* 
creased^ but in practice it is diRiciilt* for these surfaces become much 
heavier as they increase in size and thus absorb » Urgt part of the 
increase of ascensional power at Lai tied tlierrfjy. If this is mrrie<l 
still further the weight of the sustaining ±;itrfaces can lie tncleased 
to such an extent that all the benefit of tht- increase in :jiKc is lust, 
45T45''—aij u 
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and eren more. We shouhl, therefore, endeavor to increase the car- 
lying power per square meter of the sustaining plnnes. 

This carrying power may be increased partly by an increase in tlio 
sustain]tig quality of tlie bearing surf 0 ^ 0 , ntid it is research in tbLs di¬ 
rection that practically leads to the perfection of devices heavier than 
air. It is a question of form, dimensions, atid nrientation which 
must be taken up in detail. Thbi problem constitutes in reality tiiiie- 
tentlns of the problem of aviiitinn. 

Iti another way the load that call be carried |H'r square iiteler of 
sustaining surface in a given apparatus, increases with the available 
motive power. The greater tins power is in comparistjii with the 
weight of the machine tlie larger may be tlie load iin|>osed on each 
Hqiiflre meter of sustaining surface. 'Hip increoiM! is not proportir>na1f 
but it ifl rather rapid, us may be shown by a few figures. If an aero¬ 
plane provided with a Sii-horsepower iiiotor ran carry 10 kilograrns 
per sniuare meter, the same aeroplane witli a motor of 50 liorsciKiw-er 
cun carry 16 kilograms; w'ilh a TS-liorsepower motor, 21; and with 
a lOO-hompower motor 2.'> hilograniB i>er square meter. 

There is one very interesting point to note here, and tliai Is, for a 
^ven aeroplane the capacity per square meter varies witli tlie veloc¬ 
ity', Ijet suppose that our aeroplane, with a 25-hompowcr motor 
and cartying 10 kilograma per square meter, makes a speed of 60 
kilometers per hour. 711101 it is provided with a motor of 50 horse¬ 
power, which will permit it, aa we have just seen, to carry 16 kilo¬ 
grams per square meter instead of 10, its velocitv wilj be increased. 
It will no longer be 60, but 76 kilomelere per hour' Ifi the same way, 
jf )t has ft 76-horsepower motor due to which its carrying capacity 
inCTeaso!} to 21 kilograms, its velocity will at the same time rrach 86 
kdometer^ FmaUy. with the motor of 100 horsepower and a load 
of 26 kilograms per square meter it will iiave a velocity of ^6 kilo¬ 
meters. 

The individual velocity and the carrying capacity therefore in- 

crease with the power of tin- motor; nothing of the kind occure with 
dirigibles. 

However that may be, whether dirigibles or av'iatinn apparatus are 
concerned, the carrying rapacity ta dependent on the liglitneis of the 
motore and the general perfcctioji of the whole device; but these 
features have a much greater ellm in the heavier than air system 
than m the lighter than air. In dirigibles there intervenes in tlii,. 
question a preponderating element, that of the volume of the gas bag 

whose jnfluenra dwarfs all others This element does not exist in 
the iiviiition devices. 

We have still to examine stability in all iu forms, but, a.s we have 
al^dy swn, this projierty is indispensable if we desire to attain iin 
individual velocity of any magnitude whatever. There is, therefore, 
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no neccs^Fiiy to flnalysEe it in distiiil. Wo will simply remember that 
a rapid uir-slup is uectissarily stable. 

IV. 

From the foregoini? the conchision may be drawn that the dlfTerent 
qualities which an air-ship may possess arc not indcpriident of each 
other but may be red need to two lundainental properties, Uie indi¬ 
vidual velotrity and the carrying capacity. The firet of tbese quali¬ 
ties, the inilividtinl velocity, is highly desirable in itself, for witliout 
it dirigibility is inij^aiSHible. Fnttliermore, it Ls the only means by 
which we can increase the idisoliite velocity, which is of such prac¬ 
tical iniporturice. Finally, the aljisolute velocity is one of the factors 
determining the distance that can be coveted in a single flight. \Mien 
the indii’idnat velocity is increased, for the same reason both the 
absolute velocity anil the distance covcrKl are iiierensed. if we also 
add the consideration that the poKSosssion of this sjicod necrssarily 
implies the possession of stability In all directions, we must conclude 
that in it we have « quality that ia essentially fundamental. 

The TOnying capacity of sudi b mad line can lie measured by the 
amount of weight of every kind which it can cany in excess of the 
weight of the air-ship proper, its motor, propellers, and oil the parts 
indispensable to its operation. 

Given this weight it can be used in dilferent ways. It can be 
employetl In transporting a number of passcngn^rs or a considerable 
weight of merchandise. In the form of ballast it helps to attain the 
greatest iiitilnde, and thn« contributes to the duration of the aerial 
voyage. In the form of fuel supply it assures the duration of the 
voyage, thus affecting one of the two factors entering into distance 
oovercil. 

Individual velocity can not lie present in a high degree if tho 
property of stability is n<vt also present. This permits of the atlain- 
ment of an absolute velocity which, coupled with duration of voyage, 
goes to make np distance traveled. The carrying capacity li^ no 
relation to stability. It can lie utilized etlher for its own sake or 
to attain altitude, or to prolong the vtiyugc and thus contribute in 
increasing Ihf* ilisUnci^ trav<^lefl. 

Tlicse different quaJitiew may llierefore be divided into two 
groups, tbosG dependent on the individual velocity and those on 
the carrying capacity. for the distance traveled.^ it U a common 
rcsuIt.Hiit of tho two groups, for it is the product of ahsointc velocity 
by duration of flight, qualities belonging to the different groups. 

If We wn-h to obtain a ^’'nlhctii! idea of the value of an air-ship, 
it is by the ratio of the distunces eoverad that their merit .should 
be measured, but this quality is only the product of two others—the 
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rib^lute velocity mid Lho duriitioti of I lie voyage- These two f^ctors^ 
may play ii var>ing rfple in the final result. 

Tlie factor of duration is c?ertaitily less iiiiptirlant than Llie velocity. 
To nblaiti duration the niachme iietnl not even lie dirigible; a simple 
free balloon can this quality* while np to the present time it 

is the ^plicriail ballo<Jns which have made the longest unintermpted 
voyages, sii that while recognising the valuable index which the 
dintaiic^ traveled a fiords in llie estimaticm of tlie merit of an air- 
sliip^ still, of the two elements which go to moke it up^ we must 
attach more importances to the absolute velocity than to the dura¬ 
tion of flight. 

It ^honb] he recnllcfU however* that tJie^ two qualities are not 
fundamental- The alisoluie velocity itself depends on tlic wind and 
ilie individual velocity, aiui from our point of view it U onlv im¬ 
portant if it is attained by the caprice of the wind but m tlm direc¬ 
tion desired by the pilot. To acconiplisli tlih?, there must lie indi¬ 
vidual velocity, a fundamental property* 

Th^ duration of flight h Lt^df do pendent on the carrying capaci^, 
Wo must, therefore, conclude that of the^ two funilaniental prup- 
erties it is the individual vebicity that stanis find and the capacity 
of transport takes second place. 

As statcN^l in the lieginiiing of ikm flkctussiorit f have arrived at 
thest‘ conrhisifiiis simply from utilitarian consideratiouik If wo ex¬ 
amine the question from the point of view of the difficulties to U* 
overcome, what rank shall wc assign to tliest* two essential qualities 
of an air-ship? For an iicmplune ihe queslion is very simple; tho 
difliculties un^ the same in aftpiiring one as in acquiring the other* 
With an iuercaso in the individual velocity, ihe possible load per 
square mcler csf f^n^taining surface* is increase<l. Consequently* iii 
making an advance in one a gain b luiide in the other. The qui^sliun 
call lie summed up by i^aying that an aeroplane sliouhl be as ficrff^ct 
as ])ossihIe; thal ia^ it slioiild to* vtshlc, havo can'ving surfaces en¬ 
dowed with the l>est sustaining qiialilies^ a gocKl pro|ieiler, and ii 
powerful ami liglit iiiotor- If ll [x»ss£^sse^ such per feet in u it can bo 
used in liny way desired: it can Imvel swiftly and yet carry a con- 
Hidrnilde weighi tIuU may Iw utilimi either ns useful load oi* to in- 
crea^‘ the diirutifai of tlie tlighl. If iln load is ligiitciicd its s|>eed 
will la* tIiiiiinEshed* hut its iihuiulant luolive pow'ct will enidile it to 
ascend* lo ^include* with a ficrfect aemphme the aviator may ob¬ 
tain wdiichevcr cpmlity he desires <ir combilic them lu wdiatevcr pfO- 
porticHi he dwms convenient. 

In I he case of aero|ilancs, therefore, wc miiy say that ilie qiiftslion 
of dtffinillic:. to bi‘ fivemHiic is negligible, and that utiUtnriaii con- 
sideratioTis alone dioermino their value. In tln^ machines it is tiie 
individual velocity^ as it is in all oilier typi^ which is the most im- 
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]>or1ant (liliilily. but Llio onn tui iibLiiliktHl without modifying tUo 
constniftioji in tbo slightest dogrro, anti except for uttiiining Hltitode, 
without losing any velocUyf but ctoii gaining it, with an iticruuse in 
the tarrying capacity and in the qualities which are dependent on it. 

Tills is not the case with dirigili]oi=. To be sure, witli then) as with 
aeroplunes, general perfection of apparatus—motor, prYj^wlIera, forms 
of small mistance—is indispcnsalile to velocity and can likewise 
exert a favorable influence on the currying capacity and its resulting 
consequences, In it another factor intervenes, the volume of the balloon. 
Tins exerts an enormous influence on the carrying capacity, which 
dwarfs that resulting from the general perfection of the apparatus, 
^Ulhongh liy increasing the individual velocity we can indirectly 
increase in a slight degree the carrying capacity, we [Kisacss, more¬ 
over, a means of increasing this f|uality absolutely inde[jcntlent. of 
those which produce velocity. I may add that Uiis inethoJ has no 
great merit in its application. It is not very dillicult to add a few 
hundred cubic mctcra to a balloon, or even more. I would not go as 
for as to say that the problem is of extreme simplicity, but it ia a 
small matter beside those that havo to he solvc<1 in increasing tho 
individual velocity of n dirigible. Consta|uently, as far as machines 
lighter than air are concernwl, if from a iitilitariim point of view 
tins currying capacity is an inferior quality, it is equally go from a 
tetdinical aturidpoint, for it is much easier to attain than individual 
velocity, 

Tima there ore in an air ship only two fundaiiiental qualities from 
which all the othera are derived, individual velocity and canying 
capacity; and from a practical standpoint the latter is much loss iiQ 
portuiit than the fortner* 

In conaidering the difficulties to be overcome, in an aeroplane the 
question d^ not arise, for in such apparatus the qualities sought 
for are so involved one with the other that overy added improvement 
dilows of the increase according to choice of om or the other of the 
properties desired in an air-ship. With dirigibles this is not the case, 
for carrying capacity is much more easily obtained than individual 
velocity, and the tedinical cum,iderutions wliich are involved in ma¬ 
chines lighter than air are merely those that are basic in the utiUaa- 
iioii of an 

Siinpljr because jj colo^al dirij^iblc has accotnplishci] long journeys 
and covered great distances, the'superiority of this type of air-ship 
over all others should not nece^arily be proclaimed. The machine 
that slioiild interest us most is the one i-apiible of the greatest individ¬ 
ual velocity, and as this velocity U difficult to measure, wo should 
estimate tt from the absolute vrlwity attained in flying in a closed 
circuit in such a way as to eliminate from the fitiuf result, ua much 
us posdihle, the cifect of the w ind. 
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1 believe thut in this respect <Hir air ship liave nothing to envy 
in those of foreigners* I eTcii believe fninkly that ours are superior, 

We can continue to be proud^ then, of our air-shipsi; they possess to 
a higher degree than others the first of all qualities^ individual veltn 
city. Tliey arc fining iu this respect from day to day, and when 
our engineers desire it Lliey can provide them besides with the cann¬ 
ing capacity of whidi our rivals are so proud. 

France is in no danger, as has been frequently loudly announced, 
of losing the empire of the air.* 

■Tbese lines weni written tla? catasttOiiliio of Uae lUHctWc RepuhtUiU^. 

TUIs tragic cveuL nwcrtljcj^. iioes not alter tbo caaclu:tfleaa of tills article In 
tJio HlUsiitost iliJitTeu—R csabd, 
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Eadioltldg^phr^ popularly col led wireless tdegr^ipliyi has out¬ 
lived the tentative achievements of its precocious infiincy and obtained 
for itself a settled hut important pi^sition omongs^t our means of 
coiiuiiunicEitiom 

This stage, howevert has only bcNSn reached after a long struggle 
w^itli experimental difficulties and much labor iti analyKing the proc¬ 
esses involved* As many of thew matters are of general scicTitiBe 
interests it is proposal + during the present houty briefly to summariKo 
the results some recent research- 

You arc dotihlless pit aware that every radio telegraphic station 
enmpHses thm; elements. There is, first, the external organ called tho 
air wire nr aiitennii;, by which tlie eleclromagiietic waves are radiated 
and ftbstirlscth ITiis antenna conaihts of one or more wdres ex Lett ding 
up into the aivT either vertically or sloping, or partly vertical and 
pfirlly tinrizdntal. Theso wires arc insulated at the upper ends and 
may be amingefl fan fasIuDn, or may form one or more nearly closed 
loopsy placed in a vertical position. The antenna is* so to speak, the 
mouth or ear of the station, by wdiich it speaks through the ethert or 
by which it hoars the ctherial whispers cNDming to it from other 
stations. The ether waves are prwlucfid by very rapid electric cur¬ 
rents moving to and fro in the antenna wires^ and IhCL^, Uk^ the 
vibrations of a violin Etring, or the aerial oseillation:^ in an organ 
pipe, set up a periodic distiirlxmce in the surrounding mcdiuniy which 
in the dectrieal case consists of alternating electric and magnetic 
forces taking place nt each point in spare around the antenna. 

There are, then, appliances in the station collectively called the 
transmitter! which have for their function to create those poi.verftil 
electric oscillations in the iinterma, and to control tliEm so as to send 
nut (Short or long trniniH of ether waves in accordance whh the dot or 
dash signals of the Morse alphaliet, Ijustly, there b the receiving 

* Ijwnjre Ik- fare Itte It^synl [□HtIhitiDii of Gmit BrEtalix Fridnyi June 4, 
Bcprlnt^ bj pernul^^km troai |»]iu|k]iiLa ca|>y [vabtfiiiavil lir tbe Uf>yn\ Inentnoticio. 
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Apparatus, which, when connected to the ontcnnti, senes to detect the 
presence in it of the very feeble u^HllH.tions which are being geuemted 
in the antenna by the powerful oa:illtttion 3 in the antenna of some 
far-distant sending station. It is usual to employ the same antenna 
at any one station both for sending and receivings and toswilchitover 
from the transmitter to the receiver according as wo wish to send or 
rocetve messages, althoiigli meilmda have been described and are lieing 
developed for using the un ten tin simiiltitneously for both purposes. 

By way of preface let me illustrate by n few experiments the 
manner in which thc^ electric u^iJlationa are set up m the air wnre^ 
and the nature of the effects produced by ilieiii in the surrounding 
space. We have here n very long wire which, for the purpocse of 
keeping it within n small compass^ h coiled upon Aft ebonite tubcn 
Two such spirals^ JI, and Hjj, are plnct^l aide by side and connected 
Ri the bottom through two other small coils of wire S (see fig. 1), In 
contiguity to these lost tw^o coils of wire ai*e tw'o others, P, wliidi an^ 

in genes with a cundetiser or battery of 
Leyden jatSH, C- and u Apark gap. If we 
charge the condenser by an mduction coilj 
L and let it disctiarge across the gap, we 
jjrcaliice rapidly succeeding trains of elec¬ 
tric oscillations in the condenser dmiil^ 
iind thesic induce other currents in tlie o\mi 
or helix circuit of similar kind. The re¬ 
sult is that electricity ruishes up and dfiw^n 
the spiral which we may consider to 

rt^present tw^o very long air wires or an¬ 
tenna?. ^\e have therefore, alternately^ 
free charges of electricity at tlie top ends of the wires and electric 
currents passing to atid fro across the middle point. We may com¬ 
pare this movement of electricity hi the helix to the oscillations of a 
iictuid in u li-tube when it is disturljed. In the electrical case we 
have at each spark discharge 20 or 30 electrical swings or oscillations 
separntiNl by relatively long intervals of silence, the intervals lietween 
two swings in the train being uIhuu one four-hundredth-thousandth 
of 11 si:?cond, while the interval Ijctw^eeji the groups or trains of swIngE^ 
is about one-fiftieth of a seeoiul. 

Such electrical oscillations In the wire produce tw^o effects in 
external space, called, respectively, electric and magnetic force. In 
the case of a simple vertical nir wire the magnetic force is distributed 
along coucenlrie drctikr lines* embracing the wire while the electric 
force h distributed along certain looped lines m the plane of the wire. 
If, howeverj we employ n close-w'ound spiral antennat as in our 
experimentt the positions of the electric and magnetic forces are inter¬ 
changed us compared with thffc=e of the single vertical wire. 
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A& the currents m the air wire reverse their direction the magnetic 
and electric effects in tlte external spat^ ailso reverse, hut not every¬ 
where Jit the same moment. The magnetic and electric forces are 
affections nr states of the ether, and in virtue of the inertia and 
elustieity of the medium they are propagated from point to [Kiiint 
with a Hnite velocity which is the same ns that of light. We can 
then explore the fit-id near the antenna and obtain an appro.vimate 
idea of its nature and intensity by the use of a Xeon vacuum tube, 
wdiicli glows when held in the electric field with greater or less 
hriiliancy. At certain intervals of distance in the spac?e the magnetic 
and electric forces reverse direction in the same way at the same 
instantf and this distanct is called a wave length. 

Ill the case of a straight air wire^ the magnitude of the forc^ nt 
considentbk distances varies inversely us the distance from the an¬ 
tenna, and the antenna radiates equally in all directions. If, how* 
ever^ we employ a U*sha|>ed aiitennU] ns in the present experiment, 
the currents being in opposite directions in the two branches, then 
along a median line transverse to tlieir common plane their actions 
wdll neutralize each other, and the radiation will be symmetrical only 
with respec't to the plane of the autentiai In constructing an antenna 
intended to radiate iu all directions, it is necessary to connect the 
lower end to a large plate of metal or netw^ork of wirCv^ either sunk 
in the earth or placed Just alHive the surface. In the former case, 
this plate is called an earth plate, and in the latter ii balancing 
capacity. It is necessary that this balancing capacity, Jf insulated^ 
should be of sufficient sjKe to take up all the electricity which rushes 
out of the antenna at each oscillation wdtliuttt scnsihle rise in poton* 
tiaL If we are only employing ati antenna of moderate capacity for 
sliort distance signaling, then an insulated halancing capacity would 
not Ije of un wieldly dimensions and may be construe Led of a number 
of wires stretched out or laid on the ground or insulated a little way 
above it. WHicll, howeverj we have to employ a very large antenna 
of great capuciiy for long distance work, then the provision of a 
suitable bahiiicing capacity would involve constructive dilBculties 
which are best obviated by making the earth itself the balancing 
capacity—in other wrords, by connecting the ba^e of the antenna to 
an extensive nclworlc of wdres or large metal pbtea buried in the 
ground. It hns \mu asserted that the direct earth conned ion dumps 
out the freo oscillutituis in the antenna more quickly than would be 
the case if an insulated balancing capacity iji employed. Allliough 
this may be true to a certain extent, we have to set against it the fact 
that the use of an imulated balancing capacity is out of the question 
in many eases—on board Ehij>, where a connection to the hull of 
the vessel is always made. Alsu for any but small antenitse the neces¬ 
sary uisulatcd balancing capadty may be somewhat large, and it is 
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hi tveiT WLiy ta put it below grt>uiid; in othc^r iTiJrds, to employ 
un earth plate iifid eom[>en&iite for any slight enrth damping by an 
ontcnitn of rather larger capacity. 

This matter ii*. howcvert only part of a mucli larger question, viz, 
the function of tlie earth in radiotelegraphy. It is well known that 
the nature of the earth's soil or surface between the sending and 
receiving stations lias a gmt effect upon electric waves passing over 
it. Various imperfect e^cplanations were given of this action in 
earJ}^ daya. bat the hat^is fi^r a l^etter knowknlge has Ix^en laid by the 
exjiei'itneutal researches of Admiral Sir Henry Jackson und Ltm 
theoretical disruxsic^hs of M. Hrylinski nncl Dotdor Zenncck. To fol¬ 
low tlieir explimations it must lie la>riie in niUid that high-frequeney 
electric currents, as used in rudiotelegraphy, ar^s confined chiefly to 
the surface of condiicloj^ by moans of which they are conductecL 
i^iich a current iloes not distribute itself uniformly over the whole 
crosH section of a wire carrying it^ but in confinecl to a thin akin or 
surface layer, Tliiii c-un be proved by tbe following experiment ^ Wc 
take a copper wdre spiral ur loop and make it part of a circuit in 
which 0 higli-fre<iuency cuiTent exists. If we uleDanre in any way 
ilie ecirrent in that circuit we find it has a certain value^ If w’e sub¬ 
stitute fur the copper wire an iron wire of the same size, we find that 
tlie curreriL ii? the circuit is then much less. This can lie disf-overed 
by placing near the circuit in question nnother testing circuit com¬ 
prising an inductance and a capacity and sfjinc means for testing the 
ampUttJik of the oscilktiona set up in this secondary circuit. Tliit^ 
deci^se is noi due to the mere' fan that the imu hua a greater resist¬ 
ance (ban copper, but to tbe fact that the iron is inagnctiaable^ and 
such magnatlKuticm abHorbs oTiergy owing to so-called liysteiraifiL If, 
however, we dijj the iron for a moment into ninlten zinc and deposit 
on it a thin surface layer of zinc, or galvanlase it, we find it then 
becomfst nlmost as good as a solid copper wire for conveying hi^- 
frequency currents, t.)n ihc other hand, if we bum off the zinc from 
n piece of galvatiizcfbiron wire, wa render ii; a worse conductor for 
high-frequency oscillationsi This experiment proves tbut such oscil¬ 
lations are ctmveyed by a thin surface layer of the conductor^ In 
the caw of a copper w’ire for use illations having a frequency of one 
nil I lion, the curreuii penetrates fllmut onc-thiixl of a millimeLer, and 
ill 1 he ctiJ^c of an iron wire, idxnit oiie-fortietli of n millimeter into the 
metal. 

h or noiiuingnctic suli^laneeH the depth to which a current of a 
given frequency penetrates into a conductor is greater in prciportion 
as the condticlivit^’ of the material is less Hence high frequenev 
torrents penetrate faiiher into carbon tlian into metal. Acctirelinglv^ 
a much tliickcr layer of earljon dmn of zine would needed to sliiekl 
the iron ajdral in our last es^x^rinlenL The same thing happens in 
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the of fin nl^ctric wiive propagnteil over a temslrial surface. 
If the surface in n very good oondiictor the wave hanlty jienetratefi 
into it, but glides over the surface. If it h a poor conductor the 
wave penetmte^i into it to a greater extent, and tlie worse the con¬ 
ductivity the deeper the penetration* 

The niaterinhs of wbicJi the earth's crust is ooinposed, with some 
except ions, owe their eJei!trjc conductivity chiefly to the presence of 
water in them. Tliey ^ called electroljl^ic conductors. Substances 
like marble and slate when free from iron nxJdc arc fairly gwxl insu¬ 
lators, l>n' sand nr hard dry rocks anji [jnor cotidnetors, but wet sand 
and moist earth are fairly gntKl conductors. Sea water, fiwing to the 
salt in it, is a much better txmthictor than fresh water* The follow¬ 
ing table gives i^omc figiiivs, width, however, are only approximate^ 
for the specific rnKistaucc «f various lemcstrial malcrials in olims per 
meter cube. It will be seen that dry sand or soiln are of very high 
specific resistance, and damp or wet sand or clay fairly low* 

TaBli: L—4fijpiioJriJtniifc i?ondifFf(VfJir d»a dielcdria amwlanf o/ iMirlcMrj fcrrei^ 
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If our earlli’s gurfucc liml a cMnduotivitr equal say to tLat of 
copper, then Utc electric mdiatioii from an antenna wnuhl ijliiJe over 
the surface 'without |>ctiotration. In the cn^ of the neiual earth there 
is, however, consitlerable penetration of Uie wave into Uie iturface, and 
therefore aheorption of energy by it, 

Bryl inski and also Zenneck have calcnlatwl the depth to which 
electric waves of such frequency as are nKCfl in rudiotelegraphy i»nc- 
trate iiilo the sea or terrestrial slnita of various conductivities. For 
niathetantical reasotks it is custotuary to dcliiic it by stating tlm 
depth in ineteis or centimeters at wiiiuh the ’n'avc oniplituile is 
redilcetl to 1/«=0.3G7 of its amplitude at the surface^ I liave repre- 
sentciJ in a diagram some of Zenncck's rest)Its calculated for waveii 
of 1.000 feet III length, and fur terrestrial surface niatcrials of 
various kinds, conductivities, nml dielectric coiistants (sec dg. 3). 
You w ill see that in the case of sea water an ckK'trh: wave tnivcUog 
over it pcueltutts only to the depth of u lOcLer or two, whereas in 
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ihe eneo of vorj' <Iry soil it ■would pont^trutc* nmdi dwpor, Owing to 
the conduct!iiity of tlic sojI. tJiis movement of lincsf of mD^netio force 
through itaeb! up currents of dectricity which expend their energy in 
hent. Thus energ}- must t'omo from the originiil store impnrted to 
the sending ajitcnnn, snd therefore the wavy is robbed of its cnergj* us 
it truvels over the s!irface. 

It shouJd be clearly underelood that when a wireless telegraph 
antenna is iu optawtion it sends out into the surrounding sjjace a 
nearly hemispherical cleelrical wave, which spreads out in ail dlree- 
tioiia. There are five causes which weaken the wave as it travels 
outward; 

(1) The di^ibution of the energy continually over a larger and 
larger area. The wave amplitude diminishes inversely as tlic distance, 
wd the wave energy inversely ns tlie aiuiire of the distance. This 
is proved theoretically from first princiiilcs hy Hertz's e<|uatious, and 



Fi^l. 2L—D«pm 01 ptopbiiUijiEt of X,fl00 fcet in lEEi 4 rtli \ Dw^ijr 
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has been confirmed experimentally hy the experiments of Messrs. 
Duddell and Taylor and of Professor TissoL 

(2) There is a certain absorption of energy due to the iQni7.ation 
of the atmospheiT! by day tight aiij to other causes, but thiu is only 
detectable over long tli^anceH and for the present ruoraent we shall 
neglect it. include, however, under this head, obstructions due 
to special atmospheric cotiditions, electrical or material, 

(8) There is a diminution, due to earth curvature, which is opera¬ 
tive only over long distanras. * 

(4) 'riiere is some reduction of intensity which results from oh- 
aUdes^uch ^ hills, trecs-cspecially from cliffs of ironstone or 
conductive rocks, due to distortion of the electric field. 

(5) Lastly, there is^tlie weakening due t<» ih« dissipation of energv 

tV^] surface over whicli th^ 


















B AP rOTEIxEG EAPH Y —FLEMTJfO* 


163 


Wci dm 11 eoTisidor tli« kst-naint'cl caiisj^s nlono at the present moment. 
Doctor Zenneck ilijsicussed mQthf*niatieiiH>% in a veiy intcr«^sliiiig 
pnper^ the effpt'l of the condueuvity and dielectriii owi&tant of the 
terrestrial surface, ^oil, or sea, on the propagtition of a plain deetrk 
wave over it, aastiming the radiation to be from an ordinary vertiral 
SIntenna, and the electric force therefore normal to the earth and 
magnetic force parallel to it. 1'hc result is to diovv tlmt there are, 
broadly siwaking, three cases to consider. First, sup]>osing the sur¬ 
face material to bo a good conductor, Llien the wii%"e moves over the 
surface and peiielrates a very liltk way into it. The electric fortnj 
in the air over the surface is a purely alternating forro vertical to the 
^rth'a fiurfaccj and the luagtietic foitie is an alternating force pamllel 
to it, and there is very little subterrancaTi electric or niagnetic force 
(see fig. 3a), This is realized approximately or most nearly in the 
case of racliotelcgrapby over sea water. Sctxuidh% let the earth be 
assumed to hnvo a very poor conductivity and iiot a very large dielec¬ 
tric constant^ then aiuily¬ 
sis shows that the elec¬ 
tric force in the air Las 
two components, one )>er- 
pendifuliir to the earth 
gurfflce and one parolhd 
to it, and the resultant is 
an alternating and a ro^ 
tating force, the direc¬ 
tion of its inaxhnuin 
value lieing inclined to r = jt«karitT. 

the surface and leaning 

forward (see fig. Sb). The wave front therefore slopes fonvard. 
Alscpj there is a subterranean electric force* showing that the wave 
is penetrating into tlie soil, and there is theix^fore dif^^ipation of 
energj’ owing to the ronilticsivity of the soil as the wave travels over 
tile surface. This rase is reaii7,jefl when the wave travels over land 
comiHUsed of dry isul having a amall dielectric constant. Thirdly, 
let tile eniili Ix^ u vciy poor rondunor* liuving a small dielectric con¬ 
stant frojii to rt and a siiecilic resistance of alKiut I0,t}00 ohms per 
meter ciil;e—for exaniple, very dry earth or saiuU Then the inVf?sLi- 
giitioii shows that the electric force in tlie air has two components 
one parallel to I he earth's snrfuoe and one perpendiculnr to it differ¬ 
ing in plia.s 4 -, aiiil the. result4snt is represented by the rotating radius 
of an ellipse, the maximum value or major axis of which is ineliiicd 
forward in the direction of the wave motion (see fig. 3c), At tho 
same time tltere is some f>e!ietratiou of the wave into the earth and 
conse^jneut dl^ipation of cuerg)'^ 
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Doctor Zennerk hus cotipidcred tJie case of dcjctrie ^aves 1^.000 
feet in wave lengtli, and hus repi^cnted the fitml upsult hy some 
intarestlng curves. He cleiincs tlie effect of tlie alisorption of ener^" 
by the §oiI hy statiriff the distance in kilonieteuH at which iho yrave 
amplitude would be reduced by the effect of Ihk fll>sorptioii to 
0 . 367 =l/« of its omplitilde at the sending station, iiltoj^j^i^ther apart 
from the weakening due to the ^preacHng of the wavef? out in a hemi¬ 
sphere, which we may call the spherical or space decrease- These 
curves^ are plotted to ahsci^^ representing the specific resistance of 
the soil (see Bg* 4 ), \ou will sec frvan ihis diagniin that when a 
plane electric wave having the above wave lengths is propagated over 
sea water, it would have to tnivd 10,000 kiJometens before its ampli^ 
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tude would be reduced in the iwsigneil ratio; nnd orcp fairly dry 
faoil, uteut 100 to 1,000 kiJomett'rs; but over veiy drj^ soil, having a 
anall dielednc ronstnut, only ubout 1 to 10 kiJornetersL Also vou 
^11 notice that the curves rise up again for still higher reeistivitW 
^js, of con^, IS as ,t should he. All tin- practiail canes lie iKtween 
ideal eAtremes-the case of an infinitely [jcrfect iwiidueting eurtlK 
in ishidi case the waves woi^d not petietrato into it at all. and the 
other case, an mfinitely jierfect ntmeomiucting earth, in which the 

^ no di^ipation o? 

in rSiotSLSu'^’ quite in accordance with pmcticaJ experience 
( niciiotelegraphj,, Lyery receiving appariitiis iiasociatcd with an 
antenna of a certain height and kind must be subjeeted to waves of 
a certain mmmujii amplitude to give any appreciable signal. For 
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all lower amplitudes tliat particular receiving arraugement Ls per- 
fetrtt3’ deaf. Now, it ia a matter of comnicii experietiu! Uuit witli a 
given radiotelegraphic apparatus and antenna, it is possible to re¬ 
ceive signals for greater diiitaiices over wa water than over dry land, 
and that if the soil is very dry die distance may be cut down very 
consider ably indeed. Tiiis is not due merely to tlie diHicuItj of mak¬ 
ing what the teliigniphista call a good curtb nt the sending station, 
it ia dite to tlio absorption of the wave by the earth foi‘ the whole 
distance wliiiJi cxieiubi between the two stations. Hence, also, it is 
a common expcrienct‘ that when particularly dry weather is suc¬ 
ceeded by wet weatlier, tlie radiotelegraphic conimutiication between 
two stations on land is considerably iinpmved. 

lu another paper Doctor Hack has shown that even tinilerground 
water is an advantage in facilitating mdiotetegrapfaic communica¬ 
tion. Since a shore station must always be established on shore for 
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comtntinlcation with sliips, it is in consequence generally the custom 
to select a site for that station as near os pKassible to the coast, and to 
take pains to get a very good conducting connection between the foot 
of the antenna and the soil, and also if necessary between the antenna 
earth plate and the sea. FefiSCitiden has suggested for this purpose tlie 
use of wdiat he calls n wave chute, which is merely a metallic network 
extendiug some distance outward from the antenna in coses where 
this antenua is ostnlilLdiiKt in the center of towns or <lry districts. 

Doctor Zenueck has alr::i given u series of curves which show in a 
reniarkable manner the reduction in wave amplitude due to both dia^ 
tance and surface absorption, calculated for waves of 1,000 feet in 
length, ami for various ooefBcients of absorption (see fig, 5), Thus, 
for example, if we are propagating plane waves 1,000 feet long over 
a surface which l>y itself would redutM the wave amplitude to 0.307 
of its initial amplitude in 1,000 kilometers, then, when we consider 
the decrease hy distance as well, we have to take account of the fact 
that this last cause rednoes the wave amplitude at 1,000 kilometers to 
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0,001 of that which it is at 1 kilometer distiinco. I have represented 
in tho diagram some of Doctor Zcmieck’s curves. The dotted line 
shows the decrease of amplitude by distance alone, and the firm lines 
that due to distance and terrestrial absorption in various cases. We 
are able to see from them the largo otfect due to travel over large dis¬ 
tances of very di^ soil. Thus, for instance, if the absorptio'D is such 
us to cut down the amplitude in the ratio of 1:0.307 at 1,000 kilo¬ 
meters, then at a distance of 3,000 hilometers tho amplitude of a wave 
of 1,000 feet in length would bo cut down in (he ratio of 3,000 to I by 
distance alone, but in tJie ratio of 00,000 to I by distance and terres¬ 
trial nhsorptioii combined. 

j\ii impgriant matter is the question of the Influeuce of wave 
length on this absorption. It. can bo shown from theory that an 
increase of wave length reduces the energy dis£i]:mtion by the earth. 
Tims in certain cases increasing tho wave length from 1,000 to 10,(K)0 
feet increases the range of effcctivo coinniunicatiou one hundred 
times. 'Die absorption is also determined by the decrement of tiie 
wave train being greater the larger the decrement. 

One practical deduction to be made from this investigation is that 
the reduction in wave amplitude which takes place when the wave 
moves over very dry soil is as mudi due to small dielectric constant 
of the material as to higii nsistivity. We see also that the W'avc 
front is very far from licing vertical when tlie waves travel overland, 
and Iienco it is an advantage in that case for tin) loeciving antenna to 
slope away from the direction iti which the waves are traveling or 
from the radiant point. Lastly, it points to tlie advantage of a Jong 
wave for overland working. Generally speaking, then, we find that 
electric wave telegraphy is conducted with much greater ease over 
sea than over dry land, the reason Iwing tliat the dielectric constant 
is large and the conductivity of sea water b sufficient to prevent 
much penetration of tlie electric wave in die sea, und theraforo there 
ifi not, jiiijch dissipation of its energj- liy iiiisorption due to the surface 
over whiclt it travels, We have here an instance of economy in 
nature. Over sandy deserts, where we can, if need lie, put up tele¬ 
graph posts and wires, rutliotelcgraphy has had some natural diflt- 
culties placed in its ws)'. but on sea, where fonticctioii hetween mov¬ 
ing stating is the imporlant matter, and telegraph jmsts are impos¬ 
sible, special facilities seem to Imve been jiffoidGd tis for conducting it. 

The next point in connection widi the antenna to be noticed is the 
means adopted of setting up the oscillations in it. The universal cna- 
toni at present is to excite oscillations in a reservoir circuit con¬ 
sisting of a condenser and an Inductance by means of the spark or 
arc. If the spark method is used, then the condenser is one of 
relatively large capacity and the inductance ia kept small. If the 
capacity is mea.surcd in electrostatic units, and the inductance in 
electromagnetic imite, the ratio of capacity to indn^rao^i. may be 
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Eomething of tlie order of 5:1 of oven 20:L In tbis case tba con¬ 
denser is charged by mcutis of an induetion coil or tmiiEformerj and 
discbnrgied across u spark gap^ and this discharge consists of Lnt^r- 
mittent trains of electric oscillations with a periodic time equal to 
the free natural period of tlic oscillatory circuit. These discharges 
arc tnnde to succeed each other from 50 to 600 times a second, by 
using an induction coil with an appropriate interrupter, or else an 
alternator imd a transformer. If tho 
arc method of e.tcitiiig the osciJlations 
is employed, then the nitio of capacity 
to inductance must Iw much smaller ami 
the oscilktions are oaccited in ihLs cir¬ 
cuit by a eontinuoiis current arc worked 
witli a voltage from 200 to 400 volts or 
more, the arc being traversed by a 
strong magnetic field and gGnertilly lin¬ 
ing placed in a chandjcr kept free from 
oxygen. The oscillations set up In the 
condenser circuit are then peraisteni or unbroken. The oscillations 
are excited in the antenna by conpUng it inductively or directly with 
the condenser circuit (see fig. 6). If the former method is employed, 
tliken an Dsciilation tninsfonner is used consistmg of two coils of wire^ 
one coil being inserted in the condenser circuit und one in ttie an- 
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tenna circuit, and according ils these coils arc near or fur apart, they 
are said to be closely or loosely coupled. These tvro circuits have 
then each their own natural period of electric vibration, like tuning 
* - > ^ . forkSi and thev have to 

be adjusted to syntony, 
^ ^ ^ It i» well known that 

under these conditions 
oscillations set up in 
one circuit immediately 
create oscillations of 
two frequencies in both 
circuits* This action 
can ^130 easily illus¬ 
trated by two pendu¬ 
lums whicii arc of the same lengtli and are hung side by side on 
a loose string distingukbed by red and bine bobs; If one pendu¬ 
lum Is set swinging, it imparts little jerks to its other and sets 
tlie latter in motion, but to do this the first must part with its 
own energy, and hence is gradually brought to rest. Tlien the opera¬ 
tion is repeated in the reverse direction. The motion of each pendu¬ 
lum may then be represented by the ordinates of a curve such as those 
in figure T* This kind of motion can, by a well-known theorem, 
im - 12 
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be resolved into the sum of oscillations ipf different fref]iien- 
oiesL Hence^ oAch peiirUilimi may be said to possess two nUcs of 
vibration. The saiinc tliin/j happens iti the case of two cicely 
syntonic electric currents. If one cireuit has f ree oscillations 
it* the action and reaction of the circuits generates use illa¬ 
tions of two frt|uencies, Aceordiiiglj* wdien an antenna circuit b 
coupled lo a condenser circuity we have oscillntion^^ of two fiTipieJjcies 
j?et lip ill ity and waves of two wave kngtits ratlialcii frinn tJie an- 
tenna. The presence of these two wnA-es can be detected either by 
measures cuts made with the cymometer or liy un osL-Ulograph 
vseuimi tnlje. In the first ense li]I thiU iw iieceBsarj" is to place a 
cyinometer in proxiinity to the antenna and vs^ry its I la Lion con- 

}dajit It Avill be fonnil lhat there tire two ^ttlngs of the handle for 
which the Xeon tidie brightly, and llie sc(de uf the iiLstrumeiit 

will indicate the wave 
lengths of tlie livn wavij8 
respect i vely, Same ist rm^t- 
Ive inejisEiremeuts of tliis 
kind have liecn made by 
Prof, W, <1. Pierce in u re- 
cent research, and he lias 
show^n that the wavelengths 
given hy Om formulus which 
can be detluc^Kl from dm 
theory of the otasratioQs tire 
in agreement with actual 
measuremeuts (see fig. 8)* 
Anolhrr striking confirma¬ 
tion enn be obtnined b\" tha 
oscillogniph vacnuin 
in ventef] by Doctor Gelircke, 
of the Reiehsanstalt, Rcr- 
lim This consists of a glass tiilie baving (wo strip electrodes in 
it nearly loucbingj which are made nf nickel or nhimimun, TJie 
tube is Slhil with pure nitrogen and oxluinsied to si pressure of 
about LO to 20 iiim. If sucb a tiilw hm n high vollngt? applied 
to its terminulsj a glow liglit extends along the dcctrwlcs, tlie length 
of which varies ivtih the electromotive force. Hence, if the tulje 
h connectetJ to a circuit in wliich an oscillntory discharge is taking 
place* the glow" light along the tube w ill rapidly extend and contract. 
If die electrodes are examined in a revolving mirror, making from 
fifty to a hundretl ttima a second, the images of Etie glowing elec¬ 
trodes corresponding to each oscillation will sop:iratel out, and 
if the oscillations are persLstent or undamped, we see a s^eries 
of short bright lines alternately a hove and below u ceutrul line* 
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Tf, howL^ver, tbn oscillations are clnmprd. tln^n ^ve see in the minor 
a train of jjnugcs caoli decreasing in length (fig. pi. 1)- On apply¬ 
ing such an oscillograph %^acumn tube to the circuit of nn inductively 
coupled iintenjia, and cscaruining in n molving mirror the image of 
tlio electrode^j. iliey will be seen to an appearance us in fig. 10, 

pU 1, laten from photographs kindly given me by Herr Hans Boas, 
of Berlin. These oscillograms indicate tiiat there are two oscillations 
present of ditTorent tvoquQncy, prurtucing an effect similar to lieats 
in music. Owing to the ditferenoc in fnxpiency, the oscillations 
alternately rwnforce and extinguish each other throughout the period, 
and as Ehis type of oscillogratu is only obtained with mi iiidiictjvcly 
coiiplcil antenna^ it is n proof that in such a case there are iwu 
Oscilhitiuns different fix^i|ueneies. A Fiinilar rciiiilt has 

been obtained by TroL E. Taylor Jones wiili low-frequency cw^cih 
lalions in coupled inductive eimiits by means of an electiofTtutiu 
oscillognnn of Ids own invention. Lue^king at tliCHO photoglyphs, it 
will be seen that each repf'e$ents a single train of dampwl osci I bilious 
gradually dying away, but that in each train of oscillations there is 
an alternate wasing and waning of the amplitude, which indicates 
that it tnoy be consideretl to be cujnposeJ of two anperimposed oscil¬ 
lations of ditferent fi^iicncy (fig- 10 a, pi. 1). 

Accordingly^ in the case of wireless telegraph piiteuute inductively 
coijpletb we have in general two waves radiated of different lengths, 
and either of these can lie made to uffet^t suitably tuned receiving 
circuits. ITicse waves have different damping and different maxiimim 
amplitudes. 

One of the disadvantages of clo^ inductive coupling is, tlierefore, 
that we must divide the energy given to the antenna licLwecn two 
waves of different length- As the niceiving snteuna is generally only 
tuned to one of tlicF-e wave lengtlis^ we then capture and nlisorb only 
the energy ctjiiveyed by the waves of that wave length. To tuei't this 
difficulty it Im^ IjetiJi the custuiii to employ a feeble coupling lietvveen 
the circuits of the uscillatinn tTansformcr,^ so as to generate waves 
of only one wave length. The objection then arist?s that the energy 
conveyed la the antenna is mucli rcdncetl. It is, however^ possible, 
as 1 have shown^ to duplicate the receiving circuits so as to rapture 
the energj" of l^lh the waves oven with close coupling of the trans¬ 
mitter transformer'* (see iig. H)- 

A metliod of creating feebly dampetl os 5 cillationa has, on the other 
hand, recently lieen developeflj generally known in Germany as Wien’s 

ifUnee tbe denTcry of this lecture ntteatlon Smfl txwn ilrawa by Mr, J. 
ttettlnj^i' to an article bj blin»e1f in tbe Electrical tCiighioer" of Octoticr 
1900 k In which he des^crlH*?* an pltaoRt hlentlni] urniD;^i[iPut devlwLil by him f<>r 
canturinie both the wiivea of nn Indui’iivelj^ connieil trunimilncr, hiwJ refers to n 
|»'tor Invention for the same punnise bj Dfk Ct. BcLht 
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metUod, or Uio mi^thofl of qiii^ndicd sparks, whidi la on th^ fact 
that if wo can quciidi or slop iLe spark in the condenser circuit aflcr 
the first few oscillations, the i^selllatiiins of the untenna then lake 

place freely and with n single fre* 
qiicncy (53ce 11 a)* 

The principle which imderlicsi this 
method jji tlio well-known hict* to 
whitli particular uttentiojj was ciilloc] 
by Prof, If. Wien, of Dutizig^ in ItHKS, 
thnt the djimping effect of very sliurt 
sparks is extrL^mcly large. Ifenti.-j if 
wc form JL spiirk ga[i consisting of a 
large Jiimihcr of very small spjirk gu[is in 
series, siiy JO gnp^^ each of 0,\S inni.j and 
if wa kee]) tlie spark faces cool, 
then not only can rni urc form 
ihe rondeiL'^r spark is iiumedlately 
qncncbOfL Moreover^ if we supply this spurk gap, either from a higti 
freqticticy altmiutorj or from a lo>v resistance tninsfomierj we can 
produce as many as ^,000 sjiarks per f^ond* A form of discharger 
for ihL* purpose has been devised in (iermiiny which consists of a 
series of copper disks or 
copper boxes cooled with 
wntcFt the flat surfaces of 
which are placed in con- 
liguity, but separated hy 
very thin rings of mica. 

The intrrspitre laitw'eim 
the bo^es k not more 
than one onedtutidred’ 
and-twenty-fifth of an 
inch, and ten or twelve 
of tlu^ disks or liost's 
arc placed in serins (see 
Jig* I-Lb)* The row of 
Ixixes takc^ the place of 
the orilinaty spark bfdk, 
and b conm^cted to the 
secondiirv tcrniinais of a 
transformer, fed by 0 high 
frequency alterriatpr, and also connected to an oscillatory circuit. 
W]\ei\ the transformer is in action it produces a verj' large number, 
IjOOO or more, of oacillotory discharges of the condenser per second, 
each of which has a large initial amplitude, but quickly dies out. The 
inductively or directly coupler I antejuta hence receive ii very large 
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niiiubcr of inapulte*^ j)pr vixah of iviiidi up in il fm* 

plL*ctTieal o^^cillutions of one definite pcnod. 

A dischiiirge compand of a single piiLr of ntetiil plated lili inter- 
possed separating paper ring hais l}^i\ devised nnd ejnploje<l by Voti 
fjcpcL In this case tlie plates arc connected to the terminals of a 
liigli-volUge direct-current <lynHJiio, and are shunted by a circuit 
having indnctfinoe and capacity, one of the plates being also connected 
to m antenna nnd tho other to a hakneing capacityn 

These dischargers, however, liave not stood the test of prolonged 
pracLicfil use, and we cun not say therefore that tlicy ore a^mparable 
in value for telegraphic pur|JOses 
with the well-pn»vcd inventions 
of Mr. 

In connertinn witli spark teleg¬ 
raphy it has l>een clearly ^n, 
lately, tliat nvucli can be done by 
attention to details of cotwtrnc- 
lion to increase the nundH^r of 
oscilktion^ in each wave train in 
tlie case of spark appuralns, in 
other wortk, to lessen the damp¬ 
ing by obviating energy losses iu 
atL parts of the apparatus. It is 
not a matter of indifference wbnl 
kind of glass we iii?c In Leyden 
jars or what form of stranded 
wire we employ in oscillation 
transformers^ or type of spark 
discharger. Hy appropriate sseJec- 
lion of npparatuB, we can cun- 
siderubly increaiw the number of 
oscillations in damped trains of 
small amplitude, and therefore 
increase the possibilities of utilizing die principle of resonance, 
leaving the subject of the antenna wo may notice some 
recent improvements in directive anteunie, that in devices for 
more or less confining the radiation to one direction, and for locating 
the position of the scnditig station^ 

In a previous di»cx>uri^ explanations were given of the property 
of a closed or partly closed antenna of radiating more in some direc¬ 
tions than others, and the action of Martoni^s Iieiit antenna was 
describedi Two other inventors, Messrs. RcUini and Tost, hove taken 
advantage of this fact to t^fiustrucl. antennw of a very interesting 
character. They erect on antuiina comklUig of two wires, eadi bent 
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into ti Iriungulnr farm, the typ ends neurly tiMwtiiig, llie plamssj of 
the?e triaiigltTS lieing at right tuiglrH to one another^ jjnd both of tliem 
vcrtira!. The nearly antrrinsi circuits are tlien inductively 

coijplefl with ft rniniensc'r ri Veil it, which h capable of being sw'ivcJlc^l 
nroiiiul in vnrious dircciiotiH. If the suid coudenser rircint is placed 
in such ft position us to be coii]ikil w^illi fnie of the tTiftiiguliir tinteniias 
it will cause the TUftximiim mdintion to take place in the plane of that 
ftiiieiina. but none at all at right anglej^ to it, Jf it is c<nipka:l with 
the other iintciinn* it will cauw radiftlion to take place to u maximum 
degree in Hie pliiiie of that secouil iiiiteniia. If, how*ev'cr, the os^dl- 
111 lory circuit is placed in un intcnnetliate position, so os to act 
inductively upon tioth the nearly ehised triiingiilaf antcnliie, then it 
l»e shown lioth mathematically and cxperhiLeiilftlly that the radia- 
lion of the i'{Hiihined is ii niaxinuini in the direetioTi of tho 

|ikfie of I lie (Ncillutory circuit w hirli is coupleil wdtJi the initenna. 
Ilenc^s with such a cCHiibined nnteniiii, we have it in our ptjwer to 

create radifttion uHist strongly in one direc¬ 
tion, although not entirely suppressi'd in all 
mher directions. By combinirig togetlier, 
however, n ftingle veHleul antenna with two 
nearly closed circuit anteniue at right unglcsf 
til one am-stherjileiv-^rs. Bellini and Tosi have 
cnnstrufk^l a coinjdex antenna which has tha 
pitjperty of producing raditition almost eii- 
lirely limited to one-half of the circumja¬ 
cent space (see fig* 12). Tt therefore oorre- 
oponds to n certain extent in eltect to the 
iiptioil apparatus of u light-hoti^, with 
catoptric or dioptric apparatus, which pro- 
|ccts the light from the knip largely in one direction. It is not 
yet pof^ible to make with electric radiation of long wove length 
tliut whidli corresponds precisc^ly with a beam of light wholly con- 
rcntratcd along a certain cone or cylinder, but it is possible, by 
the use of a complex antenua as described, tfi greatly limit the 
diffusion of the nidiution. Since radiating and alisorbing power 
go hand in hand, it is obTious that such a directive antenna aLsii 
enables the position of a sending station to be located. Messi^ 
Bellini and losi have accordingly applit^l their metliods In the con¬ 
struction of a radiogoniometer and receixung antenna^ by means of 
which they can locate the direK«tion of the sending slution without 
moving the antennu, but merely' by turning arotificl a secsindary cir¬ 
cuit into a poidiion in ivhidi the iiia.ximum sound is heard in a 
tdephnne connected with the receiver* By the kindness of Captain 
I ossi [ iim ahle to exhibit to you their ingenious apparatus (sco 
fig* 13, pL 2). 
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The space occupied h.v s'lch closed iintenuic bfls liithcrto prwTjnted 
tUcir cruployment on ships, 'f tua*t: is still, therefore, an opening for 
the invention of iipparntus capable of being used on l^rd ship 
whicli will enable one ship to locate, within narrow limits the 
direction nf another ship sending signals to it, nnd therefore o 
ascertaining inuncdintely the direction from which some call for help 

is proceeding. . 

CloselT connected with this part of the subject is the question » 
frequentlv discussed as to the isolation or secrecy of radiotdegraphic 
conimunicntion. Up to the present moment the only rtalJy practical 
metliod of isolating any particular receiver so as to make it sensitive 
onlv to signals coming from a certain direction, is to avail ourselves 
to the utmost of the principle of resonance molI to tunc tJie sending 
and receiving circuits to exact cor¬ 
respondence. The question then 
ariscjs What ia it which dcterjldnes 
the effectiveness of this tuningJ 
If waves of one particular wave 
length are impinging on a receiving 
utiteuiiB and creating signals, by 
how' nuich Clin the wave length bo 
varied or tin? tuning of the receiver 
upset or changed without prevent¬ 
ing these signals Inung reccivetl? 

It is clear that the tmrrmver this 
range the more [HTfect the isola¬ 
tion of the receiver. It can Iw 
shown that it deixfntU ujicn the 
form of the resonance curve of tha 
sending and receiving circuits. 

If the sending station is emitting 
waves of a certain constant wave length and damping or decrement, 
then in the receiving circuit of all other stations within range there 
will lie pitidiH^ed oscillations having a certain mean square value 
measurable by appropriate instruments. If any receiving circuit U 
gradually brought by adjustment of its cajiacity and inductance into 
exact syntony or tune with the sending station, then this rtxsiver cur¬ 
rent reaches its maximum value and there is a definite lesser value of 
the receiver current for every particular degiee of want of tuning or 
iliiaonance list ween the two. The curve which by its ordinates cx- 
pi-eST<t+ this reisiver current (wrresponJiiig to each particular tuning 
or iiiitnral frctpiency of the rwHiiving circuit, is called « reaonnnco 
curve (see tig, II), Tf this curve ha.s u very sharp peak, then it 
clearly indicates that ii slight want of tuning or syiitoiiy laitween the 
stations will greatly reduce the receiver current. The jjeakiness, of 
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the curve depends upon the sum of the decremanta of the sanding end 
receiving circuits. By the tanu ** deeremant ^ of u circuit is meant 
the logarithm of the rado of the amplitudes of two auocessire oscil¬ 
lations in the train. 

To obtain vary sharp tuning we have tlierefore to employ either 
undamped osclUatiems or very feebly damped oscillations in the 
transmitter, and also a receiving circuit in which there is as little 
disipation of energy by resistance and other causes as possible. It 
is then possible to cause a change of even less than onc-half of 1 per 
cent, or 5 parts in ],000 in the wave length of the received waves 
to cease to actuate the receiver. This means that we con dl^dinguish 
between two waves 1,000 and 1,005 or 1,010 feet in length, resjwc- 
tively, and that our receiver may be tuned to respond to one and not 
to the other. The per&i>rtent or undamped, oscillations created by 
the arc transmitter Iiiive, therefore, an advantage in this respect 
over spark transmitters, in that the damping or deereu!wit of the 
transmitter is less; hut it should l» liorne in mind that the damping 
of the receiver drciiit has also a large induence on the form of the 
rcsonaticc cTic\'e, and that good isolation can not Ik* oiitained unless 
the receiving circuit also has a small decrement. Under favorniilc 
conditions we can employ a sending key, which docs not interrupt 
the production of tlie electric wavefi at the Sending station, but sim¬ 
ply alters tlic wave length slight!j' by about one-fmirlli per cent, If, 
then, the corresponding receiving station has a feebly damped re¬ 
ceiver, this change will be sulheient to cut up the continuous record 
or telephone sound at that station into Morse dots and dashes, and so 
transmit signals. But another station not so tuned will either re¬ 
ceive nothing at all or else n continuous unbroken lijic or sound not 
having any meaning. Tlierc are other iiiethotls by which signals not 
intended for a particular receiver ran l>e rejected by it. Fesaenden 
has described fen- this purpose qii interference detector, in which the 
impijlscs it is not desired to receive are made to divide between two 
paths, t!ie oscilJations in which are then caused to neutralize each 
other’s effect on the oscillation detector. On t!ic .other hand, the 
waves of the wave length it is desired to receive do not so noutrallKo 
themselves, but produce a si^al by their O'peration on the detector. 

Wo must pass on to notice in the next place some improvements in 
osmllation detectors, and means of testing them. As already ex* 
plained, the ether waves sent out by tho transmitting antenna fall on 
the receiving antenna and create in it or some other circuit connected 
to it ve^ feeble oscillations. These oscillations l>eing vetv feeble 
oltomating currents of high frequency, con not directly aflfek cither 
an ordinal^* telegraphic instrument or a telephone, but wc have to 
interpose a device of some kind called on oscilhition detector, which 
is affected by oscUlations in such a manner that it undergoes some 
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chnngo whidi in turn enabli^ it to creiite, incrtase, or diminish a local 
ciiirenl produced by a locsil buttery and so affect a telephone or tele¬ 
graphic relay. One kind of change tlie oscillations can produce in 
certain devices is a change in tlieir electric resistance, which in turn 
is caused to increase or diniinjsli a current through a telephone or 
telegraphic relay generated by a local battery. To this type Iwlong 
the well-known coherers of Branly, Lodge, and Marconi, which re¬ 
quire tupping or rotating to bring them back oontinusUj to a condi¬ 
tion of sensitiveness^ Coherers, however, have l}ecn devised which 
require no tapping. Thus it has been found by Mr, L. H. Walter that 
if a short lengtli of very fine tantalum wire is dipped into mercury 
there is a very imperfect contact between the mercury and tantalum 
for low electromotive forces. Tliia may iwchapa arise from the fact 
tliat tantahtm, like iron, is not wetted by mercury. If, however, 
feeble electric oscillations act betwecis the mercury and tantalum, the 
contact is improved whilst they last. If, then, tlie terminnls of a cir- 
ctiit eontairiing a telephone in series 
with a slmiited voltaic cell arc eon- 
neeied to the mercury and tantalum, 
rcsijectively, and if damped or inter¬ 
mittent trains of electric wares fall on 
an antenna and e.vcitc osL-ilktions 
whicli are allowed to act on the mer¬ 
cury tantalum junction, then tit each 
train the resistance of the contact falls, 
the incal cell sends current through the 
telephanc and produces a short sound, 
and if the trains gome frequently 
enough this sound is reijcated and will bo hoard ns a continuouB 
noise In tlie telephone (see fig. l.’i). This sound can lie cut up into 
dot and dash signals by u key in the sending infftniment. If the 
transmitter is sending persistent oscillations, then some form of 
interrupter has to bo inserted in the receiving circuit to enable us 
to receive a continuous sound in the telephone which can be re¬ 
solved into Morse dot and dnsli signals by the key in the trans¬ 
mitter. The operator usually wears on his head a double telephone, 
and listens to tliese long and short sounds in the telephone and writes 
down each letter or word as he hears it. The reception of rignals in 
modem radiotelegraphy is most usually effected by ear, by means of 
some tj’pe of oscillation detector capable of actuating n telephone. It 
is important then to notice that, to obtain the hipest sensitivenesa 
wlicn using the telephonic method of reception, the spark frequency 
or number of oscillation trains or the numlier of interruptions of tlie 
persistent train per second must take place ot such a rate that it 
agrees with the natural time period of the diaphragm of the telephone 
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used. An orditiar^v telcpbone receiver is most sensitive, nccording to 
the rcwBPchea uf IjopJ liiijclcif'h and II. Wien, for some frcfiittuoy 
lying betweeu ISOO and 1,000. Thus Ijord Rayleigh (see Phil. Mag., 
voL as, 1804, p. 285) measured the alternating current in tnicpo- 
unipcres require<1 to produce the least audible sound in a telephone 
receiver of TO ohms rcsistaiK.'o at various fre4[ueticies, and found 
values as fallows i 
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M. Wien found for a Siemens telephone somewhat ditferent results 
viz: 
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Both, I Id waver, agree in showing a maximum sensitiveness for 
currents of » fncqueney iwtwet'n tiOO and 700. This is due to the 
fm,'t that the fretpieiiey of tiie neLiiating current then iignees with the 
natural frwiTieiicy of the ordinury telephone diaphragm. Hence, 
alternators for large power radiotelegraphic stations arc now dcsigneil 
to give ciin'cnts with a friijEiuncy of about HOO or GOO alternations per 
second, so that, wlien producing discharges of a condenser, the num¬ 
ber of sjiarks per second may be at least <W0, and fulfill tlie con¬ 
ditions for giving man ini urn sound in the telephone of the receiver 
per microampere. Anotlier class of oscillation detector recently 
discovered comprises die crj'Stal detectors which depend on the poi 
session by certain cn^stah of the curious property of acting as an 
electrit^l valve, or lisviiig greater conductivity in one direction than 
the otlier, and also on not obeying Ohm’s law as conductors. It ^vas 
discovered by Genera] Dun woody of tlic United States Army, in lOOfl, 
that a mass of carborunduni, which i$ a crystalline carbide of aillcon 
fornied in electric furnaces, can act as a detector of electric oscilla¬ 
tions if insertetl in the circuit of un antenna, the crystal iiiass Iwing 
held strongly pressed between two spring dips, which are also con¬ 
nected by a shunted voltaic cell in stwies with a telephone. ^Vlicn 
feeble OHcliktioiifi are set up in the antenna, a sound is heard iti the 
telephone. This properit' of carhomndum has been carefullv Invcsti- 
^Ued by Pn^f. (i. M. Pierce, of Harvard, ami lie showed that a 
single crystal of carborunduin has remurkalle unilateral conductivity 
for rertain voltages when liehl with a certain contact piusstnre ]}e- 
twecTi metallic clips. Thus for a crystal held wHli a presauro of 
I kilogram, and subjected to nu plectmmotivr force of SO volts, the 
conductivity in one direction through the crj'stal was 4,000 greater 
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tlifln in the oppohitij slit^ctlfui (see tig. 16 ). The result of these 
experinipiit^ hIso to show that the current voitagft curve or 
charaotcrifitic curve t>f a eiirlMirtindum cry.stjil is not linear—that is to 
flay* the erystnl os n txjntlndor does not with Ohm's law^ for 

the resistance of the crystal decreasefl as the eiiiwnf is increased, 
notice the conductivity of the crystal is a function of the voltage 
aeting on it (sec iig. 16 a)* 

Acconlingly, if wi; pass a 
current from a locol cell 
thrrutgli a crj^stitl under u 
voltage soy of 2 volts, ci 
telephone licing inserted in 
series with the cell, uiid if 
we apply an oEKrilhitoTy 
voltage also to the cry^stoh 
which varies aiy between 
-|-0,5 and —0,5 volt^ then 
the crystal is alternately pio. la. — cbsrmewriiiic carvti et carborundutn 
subjo£?ttKl to d voltage of 2-5 rrjrffmn 

anil l.n volts^ hut the c-tir respond mg currents would lio say BA and 
IM iiiicroaniperes, as shown by an exj^riment with one particular 
crystal employed by Professor Pierce. Tlie mean current would then 
U* 5.1 iiucroampcres, whereas the E^teiidy vollage of 3 volts woiihl 
onlv pass a ciiiTent of I microiiinpercs- EleiicCj apart from the uni¬ 
lateral conductivity’, and merely in virtue ol the fact that the char- 
atUeriatic curve is not a straight line, we find that such a crystal or 

even a confused mas=s of crystals 
can act as a radiotelegraphic de^ 
tector. There are, therefore, two 
way’s in which a crystalline masi 
of carbonitidutn can be used as a 
rud iotelcgraphic detector* 11 con- 
of a conglomeration of crja- 
tab arranged in a disorderly 
manner, or not so symiiietriofllly 
as to ueutralize one another's uni¬ 
lateral conductivity* Hence the 
tnssft of crystali^ like the single 
ciystal* possesses uni lateral conduefivityj^nd also a conductivity which 
is n fiirietioii of the voltage applied to it. We may then use it without 
a local ccl\ and avail ourselves of its valve proprty to rectify the trains 
of oscillations in the antoima and convert them into shoii nnidirec- 
tional trains which can affect a galvanometer or telephone; or sccoudlyi 
we may place the crystal between the ends of a circuit <mntaining a 
telephone and a ohuulcd voltaic cell, and then on paSifing oscillations 
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througli the cryjital we hear blinds in tlie telephone tluD to the fftet 
that the conductivity is a ftniction of the voltugc, and ia tiicrefore 
increased more by tiie adtlitluii than it is rlimiiiishcd by the aubstrac* 
tion of the elecuninotive force of the oscillations to or flt>m the steoily 
voltage of the local cell. The telephone, therefore, detects this chnnge 
in the average t'aluc of the current by a sound einittetl by it. Pro¬ 
fessor Pierce has discovered that several other crystals possess similar 
properties to cartrorundiim, for e.\ample, hessitc, wiiidi is a nutive 
crjstaJline lellnriJe of silver or gold; uii analHse, which is an oxide of 
titanium; and niolyhdt'nite, which is a sulpliide of niolybdenum. jVs 
regards the origin of this curioua unilateral conductivity, it seems 
clear tJiat it is not thermoelectric, but at present no entirely satisfac¬ 
tory tlicory of the action has laten suggested. 

A Duinlier of forms of oscillation detector have recently been 
invented which depend on the curious fact tiiaL a slight contact 
between certain classes of conductors possesses a unilateral iHuuluc- 
tivity, and can titcrefore rectify oscillations. One such detector now 
much used in (ierriiany consists of a plumlnigo or graphite point, 
pressed lightly against a surface of galena. It iias iwen found by 
Otto von Broiik that a galena-tell urUim contact is even more effective. 
To the same class belunga the silicon-stcel detector of Pickard. If 
such a contact is inserted across the terminals of a condenser placed in 
the receiving circuit, and if it is also in aeries with a telephone, the 
trains of oscillations ate rectified or converted into (none or less pro- 
longed gushes of electricity in one direction through the telephone. 
These coming at n frequency of several hundred |jer second, corre- 
.s^mnding to the spark frequency, erentc a sound in the telephone, 
which can l» cut up by the sending key into Aforse signals. Accord¬ 
ing to the researches of Professor Pierce ami Mr. Austin it seems clear 
in many caats that this rectifying action is not thermoelectric, since 
the FPctilied current is in the opposite direction to the curi cnl obtained 
by heating the junction. 

I may, then, bring to yoiit notice some recent work on aiiotber form 
of radiotelegrapbic detector, which I first liescrilicd to the Hoyal 
Society about five years ago under the name of oscillation valve. It 
consists of an electric glow lamp, in thf inilh of which is fdaced a 
cylinder of metal which surrcninds the filament but does touch it, 
This cylinder is connected to a wiresenhfd through the glass. Instead 
of a cj’Hiider, one or more metal plates an? sometijiics used. The 
filament may be carbon or a nietalJic filnmcni, and I found some year 
or more ago that tungsten in various forms has spiTial advantages. 
The bulb IS eshauBled to u high vacuum, hut of coiirae this menus it 
includes highly rarefi«l gas of some kind. When the Jllanient is n u- 
dered incandescenf it units electrons, and these electroiis or negative 
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iam give if> iJie i^idual gas n utiiliLt^rul conductivity^ m shown by mo 
in n rritiny evening lecture given here nineteen yeni^ aga Jlaceover, 
the ionised gius not only possesses uni Lateral conductivity^ but il$ con¬ 
ductivity, Like that of the crystals just mentioned, is a function of tlie 
voltage applied to it* HeneCt if ^pply elcctroiiiotive force 
between the hot hliimeni und the cool metal platCj we find that nega¬ 
tive electricity enn puss from the Glatnent to the plate through tLie 
ionised guw, nriLl tlnit tlie relation betw^een the ciimmt and voltage is 
not linear, but is represented by n charnc terns tie curve U^nrlirig upward 
whicli has changes of tnirvalnre in ii {see hg, IT), llie sliarp bend 
upward iit one place implies ji large increase in llic current corre¬ 
sponding to a certain voltage, which means that, corresponding to a 
cirlain potential giiidient and l here fore velocity of the electrons* con¬ 
siderable ionization of the residual gas is lieginning to take place. 
The current, however* vvoukl not increase indcfiiutely with the volt¬ 
age, but would l>efure long become constEmt or saturated. It w ill ba 
seen^ thenrfore* that 
at points on iUc 
curve where there la 
a bend or cluinge tjf 
curvature tlie second 
ditlerential coefficient 
of the curve iiniy 
have a large value. 
llenct% if we consider 
the current and volt¬ 
age corresponding to 
this point* it will lio 
seen that any sinall 
more tliiin an espial 
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incrense in the Toltage mcTC!U«s the cEirrent 
small deeneoise in voltap? diminishes it. If 
then we snperitnpose on ii steady voltage corresponding to a point 
of iiifleKion of the enrv'o nii iilterctitiiig voltage, the average value 
of tho current will be incrtaseil. ITiis then points out two waj-s 
in which this oseilhilion valve or glow lamp can be used as » radfo- 
telegraphic detector. First, we may niAko use of tlio unilateral 
comlttciivity of tlie ionised gns in the bulb and employ the glow 
lump with cylinder around the in candescent fiJaiuent as* a rectifier 
of Ira ins of oscillations to make them !i(Tc<?t a galvanometer or 
telephone. This met bod was described by me in papers and speci¬ 
fications in liMM and IDOd, In that case l.be valve is arranged in con¬ 
nect km with a receiving antenna, as shown in figure 18, and tiswl with 
a galvanometer or telephone, ilr. Jlarcfliii subsequently added an 
induction coil and oontlenscr, and employed in 11107 the arrangements 
shown in figure 10. In this coin: the trains of oscillations set up hi 
the antenna could not by thcnuielvcs aifect a galvanometer or a tele- 
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phono, but when recUnetl by the reive Lliey l»comf eqnirelent to An 
intertniUent unidirectionHl cuiront, and ean then iifFeet the telephone 
or A galvsnoineter, or any inslrunient for detecting a direct curreut. 

On the other band, we muy take udvant age, a-h I hiive more rceentty 
shown, of the nonlinear form of the chnmcleristlc curve. In other 
words, of the foci that the conductivity of the ionixcd gas is a func¬ 



tion of the voltage applied to it, and in this second methmi the valve 
and receiving drciiits arc arranged as sliown in figure £0. Iti tUia 
case, wq have to apply to the ionized gas a u nidi reel lontil electromotive 
force which corresponds to a point of inlk^ion on the character* 

istic curve, and then to add to this 
voltage the altertiuting voltage of the 
oscillations set up hy the incident elec¬ 
tric waves in the receiving circuit. The 
result is to cause a change in the aver- 
oge value of the cnrnmt thrwugli the 
telephone, and therefore to produce a 
sound in it, long or sh(»rt, according to 
the numlwr of trains of waves fnllijig 
on the iinlenna. This kst metlnwl, 
(hen, reqtiires the application in the 
telephone circuit of an accumtely ad¬ 
justed steadj’ electromotive force, not 
any electroniotivo foiice, hut just that 
valtie which ^corresponds to a point on the characteristic curve at 
which there is a sudden change of curvature. 

At this point we may notice a brood ^neralizntioii which has 
already been made hy II, Bmndcs, viz, that any materials such as the 
crystals mentioned, or ionizeil gases, which do not obey Ohm’s law os 
regards the mdependence of eonduettvity on imprtsiifl voltage, can 
be used as radiotelegraphic receiveis, It is ncoesssrr to 1« able to 
test the relative senaibiUty of detectors to know whether any new 



Fia. 20.—Coaueclloiip fpr ns^Jtlu 
tJoii nlre fiLsed mm m rntftdlFli!- 
XTipidc dpteetc^r. 








































RADlOTKLBnR.VPH V—FLEUTSG. 


181 


form iif iin improveiU€nit, It is not alwnya prfissible for nn inventor 
to gvt Uiriie tests m»tlf iit real wireless tek-grupli stations. Moreover, 
it is no use to test over short ilistanccs, Uwause then all doteetora 
flp]x>ar to Im* equally f!r«HL 1 Kave found, however, that we can luabe 
these comparative tests ven- easily within quite mcHlerate ciistaneea by 
employmg closed sending and receiving circuits which are poor rail!- 
ntors. All the devicvjj wdled wave detectors arc really only oscilla¬ 
tion detectors, and we can therefore test their value simply by ascer¬ 
taining bow feeble an tdleriuiting current or alternating voltage they 
will detect. J f we then set uj* in one place a sapiarc trireuit of wire tt 
few feel inside, and complete ilio circuit by a ^soiitlonscr and a spark 
gap, we can set up ttoril hit ions in it by means of an induction coil, I 
diid that it Ls necessary to inclose the spark gnjj in a cast-iron Imx, 
and to blow u|ioii ihe spark witb a jet of nir lo rCiTiine silence, nbstmta; 
of emission of I'l&'tromagiietic waves direct from the spark balls, mid 
constancy iu the oscillaUiry circuit. I then set up, a few score or few 
hundred feet away, a Mimibir tuned closed oscillfttnry circuit, and I 
connect the oscillation detector to lie tested eillici' in this circuit or os 
a shunt across the tnudenser. The clostal receiving circuit js so con- 
stnictetl that it may Ih‘ rotateil around either of three uses. It is then 
generally poifsible lo fimi some position of the receiving eircuU such 
that no Botuids are heard in a telephone conticctwl to a highly sensi¬ 
tive detector associated with the drctitt. Tills position is cBlIed llie 
"■ aero [atsit ion," I f the receiving circuit is rotated around some U 2 tis, it 
begins at a certain displacement to ct?ceive signals, and the angle 
through which it has to Ire fiimctl is a measure of the insensibility 
of the particular oscillation detector lieiiig iisetl. 1 find, for instance, 
that it is quite easy to take one of my fiscillntion valves, a magnetic 
detector, an elei-trolylic detector, a crystal detector, or any other 
tyi>c, and arrange llicse in iirdcr of their sciiifibility by means of the 
device described. .Si'nsiliility is not, Imwever, Ihu only virtue whidi 
It w'nve deti’tdor ehniild possest,. It is iioportatit that it should l>i‘ 
simple, easily adjusted, and not injured hy the chance passage 
through it of any nnusnally large oscilliitory currents. Anothi'r 
quality which is dicsirtible is that it should b« quantitative iti it'i 
action, and that any clionge in the amplitude of tlic wave received 
should Ire aceompaniiul by an i^ual diuiigc in tlie current which the 
detector allows to pass threiigh iLio tclejihune. A quantitative 
oscillation detector then enables not merely signals but audible speech 
to tre transmitted. In <ilher words, it can cifect wireless teiepboiiy. 
Tlie difficulties, hciwever, in connection with the achievement of 
wicid^ telephony are not .so miidl iu the receiver os in the tiansmit- 
ter. We have to otdJiin, first, the uniform production of persistent 
electromagnetic waves radiiitetl from an anteuiuii and, ne,vt, we Juive 
to vary the amplitude of these deetrie waves preportioiialdy to, and 
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by ia€aTis oi, tUe nerbl vibrations created by the voice speaking to 
some form of mictH>plione. IVe can not employ an intenuittent spnrk 
generator Ijecuuse each spark would give rise to a sound in the tetc- 
phone, atid these sounds, if occurring at regular intennls, would 
produce a musunil note in the telephone. If, however, we make tiie 
sparks ran tugether into what is practically a high voltage arc tak¬ 
ing a small current, then, in an oscillatory circuit shunted across tins 
arc. we have set up jx^rsiatent high frequency oscillations, ns first 
achieved by Mr, DuddelJ. We can greatly increase tlie energy of 
Ihe oscillations b}' immersing the arc in n strong transverse miigncttc 
field and also in a hydrocarbon gas. ns shown liy Poulsen, or wc may 
employ a number of arts in scries. E. Ihihrucr has lately also ern- 
ployetl a high-tension arc between ahintiniim electrudi^ (sec fig. Ql.pL 
2),shunted by ii condenser ami indlictiince as ii means of gem?riiting 
persmtent oscillntions. As nu aUemative, it is possible to create them 
l»y a mechanical method, viz, by a high frequency altcrontor, subject, 
however, to certain liinitationa ns to frequency, Both these types of 
generator have their adviiiitages nnd practical objeetions. Tlicrc is 
gtwd evidence that rndiotclophony has been accotuplUibcd over dis¬ 
tances of 100 niiles or more by each of these metlicxls hi the Unnda of 
experts, but what is now rwioirtxJ is tha reduction of the apparatus 
to such simple mimngenblc ond praeticid form lliat it can be appli{id 
in regular work. The wavc-gencratiiig apparatus must bo capable of 
producing uniform persistent oscillations of high voltage and fre¬ 
quency, not less than 30,000 or 40,000 per second, or at least above tJie 
limits of audition, and the atnplitude of these oscillations must be 
capable of lieing varied by some form of speaking microphone placed 
in the oscillDtion circuit or in the radiating untenna, or in a secondary 
circuit coupled to it. >*o ordinary simple carbon microphone will 
safely pass sufficient current for this purpose- A type of multiple 
microphone has been used successfully and also a dtiplex microphone, 
the invention of .Ernst Riihnior. 

It is not, however, possible to speak of radiotelephony at the pres¬ 
ent time as having reachctl the .same level of praet leaf perfection as 
rudiotclegraphy. But the posstbibttes of it are of such a nature that 
it will continue to attract the serious attention of inventors. This 
is not the place to enter into a full disettssion of the causes which 
limit submariiu' telephony through cables, bat there are well-known 
raasons in the nature of submarine cables as at present made which 
impose very definite limits upon it, owing to wliat is called distortion 
of the wave form. Electric wove telephony is free al least from 
this disudvantflge, arid if (us has Iwn asserted) arc generators can 
be made (self-relating and capable of Iwing worked fiir hours auto- 
maticBlly, or even for tea minutes without being touched, then the 
remaining difficultieti with the microphoue are not insuperable. 
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Time docs not permit of the discussion of the ninny other points in 
eonnection with cndiotelegrophy anti telephony which have been the 
subject of recent work. Much attention has been paid latdy to 
methods of cutting out atmospheric signals due to natural electrical 
discharges in the atmouphere, which are troublesome disturbers of 
the ethertul calm necessary for radioldegraphy, Considerable 
thougJit ami expenditure have been necessary to dUtwver means for 
ovewoniiiig the dlfliculties of long distance transmission by daylight, 
and also ihfise arising fitim the cn^s talk of other stations. Much 
also has liceti done in training skilled wireless operators both in the 
navy and for the mercantile marine work. Radiotciegrnphy, like 
aviation, is an art as well as a science, hence personal skill is a factor 
of importance in turning the flank of the difficulties of the moment. 
Nevertheless, the art and the science of radioteiegraphy arc both 
progressing, and tlie splendid services already rendered by it in sav¬ 
ing life at sea arc at once « proof of present perfection and an evi¬ 
dence that the arduous labors of investigators and inventors have 
borne fruit in yet larger powers to commond the great forces of 
nature for the ure and benefit of mankind, 
eu 1»03- 






RECENT PROGRESS IN PHYSICS/ 


By Prpf. i^Sr J. "J'HOiffios; M. An, U* iK, U. 1*^ tL 


It li:a^i iisually been the practice of the president of this association 
to some account of the progrci® mudo in the last few years in 
the branch of science vs-hich he has the honor to represent, 

T propose this evening to follow that precedent and to attempt to 
give a very short itccouni of some of the more recent developments 
of physics, and tlie new conceptions of physical proce^sse^ to which 
they hnvn led. 

The period which has elapsed since the association last met in 
Canada lias^ been one of almost unparalleled activity in many 
brunches of physics, and many new and unsuspected properties of 
matter and dectricjty have lieen discovprcii The history of this 
period affords a remarkable illustration of the effect which may be 
produced by a single di.scovery; for it is, I think, to the diseoveiy' of 
the Rontgen rays that we owe the rapidity of the progre^ w hich has 
recently been made in physics, A striking discover}" like that of the 
Rbntgcn rays acts much like the discovery of gold in a sjjamly popu¬ 
lated cotmtry; il attracts workers who come in the first place for the 
gold^ blit w^ho may find that the country has other products, cither 
charms, perhaps even more valuable than the gold itself. Tlie coun¬ 
try in which the gold was di^vered in the case of the Rdntgcn rays 
was the department of physics dealing with the discharge of electric¬ 
ity through gases, a subject which, almost from the beginning of elec¬ 
trical science, had attracted a few enthusiastic workers, who felt 
convinced that the key to unlock the secret of electricity was to be 
found in a vacuum tube. Rdntgen, in ISilO, showed that when elec¬ 
tricity' posssed through such a tube^ the tube emitted rays which could 
pass through bodies opaque to ordinary ligiit ; which could, for ex¬ 
ample, paj^ through the flesh of the body and tlirow a shadow cjf 
the bones on a suitable screeiL T]ie fo^ination of this discovery 
attracted many workers to the subject of the discharge of electricity 
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ibroiiph gases, and led to great iinprovemcntA in the instruments 
Hse<l in this type of rcsearcL It is not, ht^wuvfr^ to t]ie power of 
probing dark places, important tJioijgh this is, that the inllnpnte of 
Hontgen mys on the progress of science has mainly been due; it is 
rather becatiso these rays iiiiike gases, ami, indeed, solids and iit|nuis, 
through which they pass conductors of electricity, Ei is true that Ijc- 
fore the discovery of these rays other methods of making gases con¬ 
ductors were known, but none of these was so convenient for the 
pnr|N)ses of accurate meesuremetit. 

The study of gases exposed to Riintgen rays has revealed in such 
gases the presence of particles charged with eiaaricity f some of these 
particles arc charged with positive, oltiers willi negative electricity. 

The prof>crtics of these particles have been investigated; we know 
the charge they carry, the speed with which thci* move under on 
eleelric force, the rate at w'hicti the oppositely chargetl uncs rccoiii- 
biiU‘, and these investigationa have tlirown n new light, not only on 
electricity, but also on the struct lire of mutter. 

We know' from tliese; Investigiilions that electricity, like matter, ia 
molecular in structure, that just us a (junmity of bydrogon is a eol- 
lectinn of on mimense number of small particles called molecules, so 
a charge of electricity is made up of a great number gf small eh)irge,s. 
each of a fjcrfcctly definite and know^n an muni. 

ndinhohz said in 1880 Quit in his opinion the evidence in favor of 
the molecuhir constitution of electricity was even stronger thnn that 
in favor of the molecular constitution of ninttcr. How mucli 
stronger is tiiiil evidence now, when we have niensiiietl the cIiovtc on 
the imit and found it to be the saitie from whatever source the 
electricity is ohlnimHl. Xay, further, the niolccular theory of matter 
U indcbtwl to the moicciilnr theory of electricity for the'iiKist iiccii- 
rate dcteroiinstion of its fund a mental quantity, the numlier of 
molecules iti any given qiinntity of iin elcmeritarv siilwtance. 

The great advantage of tlie electrical methods for tl,e study of the 
properties of matter is due to the fact that whenever a particle is 
dwtriliwl it is very easily identiliod, wherena an unclinrgi'd molecule 
is most elusive; and it is only when these are present in immense 
miinWs llmt we are able to detect them. .V very simple caluilalbti 
will lUustrute the difTcrence in our power of detecting electrified anti 
tmelec-tnfied molecules The smallest quantity of uneleclrified 
ma ter ever detected is pro|>ably that of neon, one of the inert gu^cs 
of the atmosphere. Professor Strutt haa sJmwn Q.nt the amount of 
nron in onc-i^nlieth of a cubic centimeter of the air at ordinary 
pre^ures ™n be detected by the spectrosro|tc; Sir William llau "nv 

■n OOJ^ p„m ..f a„, ai lh.l t!.. neon in <»,w..™,ielh „f „ 
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tirne of linlf a millicnllt of u oabie p^ntimeier. Wli^^ti in i\m 

form ilie r|iijiiittty seems e^cceedhijrly smalK but in this siJinU vuliitne 
I heir, art! about ten milUon mlllkm tnol^ol^ the [x>pukLioii 

of lilts eartli b eiftimuted at about fifteen hiindml millions, so that 
the smallest num^^er of nmleciil^ of neon we can identify is ahout 
T,t>00 times the |Kipu]atiun of the earth. In other words, if wo had no 
Ijetiur test for tiie exisieuee of a man than we have for that of an 
unelcctrilieiJ niulecule we sliould come to the eoiicliistofi that the 
earth ia uniriliHbitei.L Contrast this with onr power of detecting 
el eel rilled nioUsjnle^w IVe can by the electrical mctbmL even Ix^tler 
by the eloiid method of C T. H, Wilson, ileteet the presence of three 
iir four ebnrged panicles in a ciilde eentimeter. Riilherford has 
shown that we ran lieteet the presema^ of a single a-particle. Novit 
the ppriide b ii chaiged ntom cif heliuiiK if ihk atom had 1>een nn- 
cliarged we should have rerpiired more ihnn a million milUoTi of 
them, instead of one^ Iwfore we should liaTe been able to detect tliem. 

W^j jiiay, I think, conclude* since electritie\l particles can 1)q studied 
with so imich greater ease thnri unelectriiied ones, that we shall ob¬ 
tain n kiiowUHlgo of the ultimate structure! of electricity before we 
arrive at a eorrvi=4ponding degree of certainty with regard to the 
structLiro of mutter* 

Lave already made i-onsidembk progress in the toisk of dis^ 
covering wliat ihe structure of electricity Wo have known for 
kune lijne that of one kind of electricity"—^tbe negative—and n very 
interesting one it is. Wc know that negalivo electricity is made up 
of units nil of Avldcb are of the same kind? that these units are ex¬ 
ceedingly small dompared with even the smallest idom, for ihe mass 
of the unit is only one seven term-hundredth jairt of tlie mass of an 
atom fjf liydnogen; tliat its nidius is only 10“*'' centimeter, and that 
the^^e units, corpuBcles'' as they have been called, can be obtumed 
finni all substances. The sijie of ijiese curpurtilus is on nn ahogethpr 
diiferent scale from that of atonic; tlie volume of a corpuscle Ijeara 
to that of the atom ulxiiit the same relation as that of a speck of dust 
to the volume of this nKiiu, Under suitable eonditiuns they move ut 
enormous speeds which approach in some instances the velocity uf 
light 

The discover}* of Ihrsse corpuscles h an interEsting example of the 
way nature responds to the demands made upon her by mnthema^ 
tjclans* Some years before the disco very of oorpui^elcj^ it had been 
sh(jwm l>y a mathematical investigation that the mass of a bo<lv must 
he increased by u charge of electricity. This increase, however, is 
greater for small tallies than for large ones, and even htwliei! smnll 
as atoms are hopelesi^ly too large to show any appi^H!iitble effiN-l; thus 
the TK^iilt seemed entirely academic* After a time ct^rpusch.^ were 
diseveredj and Ihe^e arc so much smaller thau the atom thai the 
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increa-s^ in mat® due to the charge becomes not merely appreciable^ 
but so great Lhet, as the e^periiucuts of Kaufmann and Bucherer 
have sliowrE, tlie whole of the of the corpuscle arises from its 
chiirgc^ 

U^e know n great deal about negative electricity: what do w'e know 
about positive electricityl Is positive electricity moiecular in struc¬ 
ture? Is it made up into units, each unil carrying a charge equal in 
mngnilude though opposite in aign to that carried lyy a eorpuaede? 
I>oes^ or does not, this unit ditfer, in size and physical properties, 
very widely from the corpnscles? We know that by suitable proc¬ 
esses we can get corpiiSi,‘les out of any kind of inalteri and tliat the 
corpuscles w 111 be the Home from whatever source they may be de¬ 
rived- Is a similar thing true for [HTtiitive electricity i Can we get, 
for eKHTuplcs a positive unit from oxygen of the same kind as tliat avc 
get from hydnsgen ? 

Fur my own purt^ I think I hr eviden^'o is in favor of the view' that 
we can, altliough the nature of the unit of positive electricity makes 
the prfH>f much more difficult than for the negative iinit- 

In the first place we find that the [KMitive particles—** canal- 
stralilen^* is their technical name—diEwvercd by oiir distinguished 
guest. Dr, Ooldiftcin^ which arc found when an electric di^harge 
passes through a highly rarefied gas^ are^ wdien the pre?i 2 iiiri^ is very 
low, the same, whatever may have Iwen tho gas in the vessel to begin 
w’ith. If we pump out the gas until the pressure is too low to allow 
the discharge to pass, and then introduce n small quantity of gas and 
n^tart the discharge, the positive particles are the same whatever 
kind of ga? may have been introduced* 

I have, for example* piii into the exhausted vessel oxygcuj argon, 
helium^ the vapor of carbon tetrachloride, none of which contain 
hydrogen, and found the positive particles to be the some when 
hydrogen was intriKlncwL 

Some exfieriments made lately by Welli&ch, in the Cavendish Lab¬ 
oratory, strongly suppoH the view that there is a definite unit of 
positive electricily independent of the gas from which H Ls derived; 
these exiieriments were on the velocity with which positive particles 
move throiiglj mixed gasc?. If we have a mixture of methyliodide 
pud hydrogen ex postal to lloutgcn rays, the effect of the niys on the 
methyliodidc is ?o much greater than on the hydrogen that, even 
when the mixture contains only a small percentage of methyl iodide 
pn\cticaUy all the electricUy conies from this gas, and not from the 
hydrogen. 

Now, if the |X)sUiv 0 particles wore tnurely the residue left v^hen a 
corpUMle had been uhslraded from the niethTliodide. these juirticles 
would Imvu the dvinensions of n molecule of inethjdiodide* this is 
very large mid heavy, and would therefore moVo more’ slowlv 
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through the hydrogen molecules than the positive particles derived 
from hydrogen itself, which would, on this vietv% be of the siz® and 
weight of the light hydrogen molecules. Welitsch found that the 
veiocitietf of both the positive and negatives particles through the mix¬ 
ture wero the sanic a.s the vclocitii'si through pure liydrogcut although 
iM the mte cas-ii thi» ions had originated from methyl iodide and in tlio 
otlicr frotii hydrogen; u similar rcs^ult was obtained wdion carbon 
tot ra chloride, or intTotjry metliyl, was usimI imdeafi of methyl iodide. 
These and similar results lead to the conclusiun that the atom of 
the different chemical elements contain definite units of positive as 
well us of negative eleelricit\% and that tlie positive electricity, like 
the negiiti^'c. is TTmlccular in structure. 

The investigations made on the unit of positive electricity show 
that it is of quite a different kind from the unit of negative, the niass 
of the negative unit is exceedingly small compared w'ith any atom, 
the only positive units that up to the present have Ijeen detected lira 
(|uite compnrahle in muss with the of an atom of hydrogen; in 
fact, they ^^eeni equal to iL This makes it more ditficult to be certain 
ihal the unit of fKisitive electricity has been isolated^ for we have to 
lie on oiir guard agniiLst its being a much amnllcr body attaches! to 
the hydrogt^n atoms wliicli hap^ien to be present in the vesseh If the 
positive units have a much greater mass than the negative ones, they 
ought not to be so cusily deflected by magnetic forces when moving 
at equal s].weds: and. in general, the insensibility of the positive par¬ 
ticles to the influence of a magnet is very marked; though there are 
cases when the pfrfitive particles are much more readily deHected, 
find these huve been interpreted as proving the exiEtence of positive 
units comparable in muss with the negative ones. I have found, how- 
ever^ thut in these capes the positiv'e particles are mciring very slowly^ 
and that the ease w ith which they are deflected is dm to the smallness 
of the velocity and not to that of the mass. It shoiihL however, l:>e 
noted that M. Jean Becquerel has observed in the absorption spectra 
of sonic minerals and Professor Wood in the rotation of the plane 
of polarization by ^diiim vapor, cffecLs which could be explained 
by the presence in the substances of positive uniL^ comparable in 
mflKs w ith cor pilules. This, however, Is not the only explanation 
which ran be giien of the.'^e effects, and at present the smallest posi- 
five electrified particles of which we have direct experitnental evi¬ 
dence have masses conipa liable with that of an atom of hydmgtn, 

A knowlcilp of the mass and size of the two units of electricity, 
the pCKiitivc and the negative, would give ua the material for con¬ 
structing what may be called a molecular theotr of electrtoily. and 
would be a starting point for a theory of the structure of matter; 
for the most natum! view to take, as a provblonal hypothesis, is that 
matter Is fust a coUoclioti of poaitive nnd negative units of electricity, 
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nnd tliiit the forces which hold wtouis miil molecules together, the 
properties which differeiitiate one kind of matter from anfithor, ml! 
buve their origin in the clectrieiil forces exerted by positi%'c and 
iicgiitiv'L* units of electricity, groiijied together iti diifcrent wiiys in 
the atoms of the ditferent cloment& 

As it would seem that the units of pcisitive and negative electricity 
are of vciy diifmmt ^es. we must regard matter as a mixture enn- 
taining sA'stems of very tlifferent types, one type CQrresjuonding to 
the small corpuscle, the other to the large positive nuit. 

Since the energy associated witii a given rhargo is greater tlie 
smaller the body un which the charge is CTirurentrated, the energy 
stond up in the negative corpusides will he far givatcr lliati tJiat 
stored up by the positive. The unioont of energj' wliich is stored 
up in ordinary matter in the form of iho eleclroislatic potential 
energy of its corpuscles is, I think, not generally n!alize<L All sub¬ 
stances givD out corpuscles, so that w'c may assume that each atom of 
a substance contains at least ono mrpuscle. From tlic aiw and tlie 
charge on the corjiuscln, both of ivhich are known, wo find that 
each corpuscle has 8X10"^ wga of cnerg>' ; this ia on the supposiiinn 
that the usual exprei^ions for the energy of n cliargcd body hold 
when, as in the case of a corpuscle, the charge is reduced to one unit. 
Sow, in I gram of hydrogen there are about tJXiO=» atoms,so if there 
is only one corpuscle in each otom the energy duo to the corpuscles 
in a (^Bin of hydrogen would be 48X10” ergs, or !1X10» calories. 
This is more than seven times the heat developed by 1 gmin of 
radium, or than that developed by the burning of 5 tons nf coal. 
Thus we see that even otdinnry matter contains enormous stores of 
eneigy; this energy is fortunately kept fa^t bound bv the corpuscles- 
if at any time an upprcciaWc fractiou wera to get free the enrth 
would explide and become a gaseous nebula. 

^ spmiking so far is the material 

which builds up the earth, the sun. and the stars, the matter studied 
by the- ehciniHt, nnA which hia tytti t-cprei^nt hy ]i formula ; fhh mutter 
^upn«, however, but an insignUirant frartion of the universe, it 
forms but minute islands in the great ocemi of the ether, the sub- 
stance with which the whole universe is filled. 

The ether is not a fantastic creation of the speculiitive philosoDher ■ 
If IS as essential to us na the air we bi^uthe. For we must remember 

1 r T, "’™ -■“‘"'-■-Si 
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How gTpnt is thiP 55 npply tht* silfi liiirii^lips tipon ii8 b^cones cl^wr 
when wi' coiisTiler tbiil the heut ljy tht^ earth iiiitler a high 

jnm nnc] i% denr i^y is* eqiUTaleiit, fl«x>rdlrig to the niojifiurenwnt:^ of 
r.sin^le>% to abimt 7,COO hon^power per acre. Though oiir engineer^ 
havo not yet dia^fis-eretl how to utilise this enormous supply of [>cnver. 
tliey will^ I httve not the slightest doubt, uUimately succeed in doing 
so; and when coal is exhausted and our water power inadet^uiite, it 
may that this is the source from which we shnll derive the energy 
iieccssfiry for the world's work- When that comes about, tmr eentei^ 
of industrial nctivity may perhaps Iw transferrtsl to llio burning 
deserts of the Siiharn, and tiie vtdiie of laud determined by lbs 
suitability for the reception of imps to catch sunlK-ams, 

This energy, in the interval l*etweeii its departure fmm the sun 
and its arrival at the earth, must be in Ihe space l>etwi^n them. 
Thus thi^s space must eontain something wliich, like orri inary matter, 
can store up energy, which can cany at an onorinous pace the energy 
Bssociiited wuth light and heat, and which can, in addition, exert the 
enonumisY stresses necessary to keep the earth eircllng round the sun 
and the moon round the earth* 

The study of this all-pervading substance is perhaps the most 
fascinating and important duty of the physicist 
On the elccimmagnetic theory of lightj now universally accepted* 
the energy streaniing to the eartii travels through the ether in electric 
waves; thus practioBlly the whole of the energy at our dis|K7snl has 
at one time or another Ijcen electrical energy* The ether jnust, then, 
be the seat of electrical and magnetic forces. We know, thanks to the 
genius of Clerk Maxwell, the founder and inspirer of ntodern elec- 
Irical theory, the equations which express the relation between thest» 
forces, and aUhotigli for some purposes these are all we rwpiire* yet 
they do not tell us very much alwut the nature of the ether. 

The iiitenest inspired by equatiotis, toi*, in some minds is apt to bo 
somewhat platonic; and someth]ng more grosily mechuiiical—a mo^lcl, 
for example, is felt by many to be more suggestive iind manageable, 
and for lliem a more powerful instrument of rt^seurch,. than a purely 
analytical theory* 

Is the ether dense or retrel Has it a structure? Is it at rest or in 
motion? are some of the questions which force Llieintifflves upon ua* 
Let us consider some of the facts known about Ihe ether. When 
light falls on a body and is absorbed by it, the body is pushed for¬ 
ward in the direflion in which the light is traveling, and if the l>rMrly 
is free to move it U set in motion by the light. Now, it is a funda¬ 
mental principle of dynamics that when a body is set moving in a 
certain direction, or, to use the language of dynandcs, acquires mo¬ 
mentum in that direction, ^^ome other mass must lose the aame amount 
of momentum; in other words, the amount of momentum in the uni- 
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verse is constant. Thus when the bodj' is jiushed furwim] by the 
light some other system musl have lost the mutiieiituni the body 
acquires, mid the only otlier system n vail able is the wave of light 
falling on the iNxIy; hence we conclude that then? must have been 
momentum in the wave in the direction in which it is traveling. 
Jtfonicitliini. however, implies mass in motion. \Vc conclude, then, 
that til the ether throiigii which the wave is jno%'ing there is mass 
moving with the velocity of light. The experiments made on tlie 
jireasure due to light enable tis to calculate tliis mass, and w'e fiml 
that in a cubic kilometer of ether cariying light as inten.'ie as sun¬ 
light i» at the surface of the earth, the mass moving is only about 
one hfly-millionth of a milligram. We must be cojicful not- to con- 
fuse this with the mass of n cubic kiioinuter of ethers it is only the 
nia^ moved ivhen the light through it; the A-pst majority of 

the ether is left undisturbed by the light. Kow, on the electro¬ 
magnetic tliTOry of light, a wave of light may bo regarded as made 
up of groups of lines of electric force moving with the velocity of 
light; and if we take this point of view we oaa prove that the mass 
of ether per cubic centimeter carried along is proportional to tJie 
energy possessed by these lines of electric force i>er cubic centimeter, 
divided by the square of the velocity of light. But though nue.s of 
electric force carry some of the ether along with tlicm na they move, 
the amoiinl so carried, even lu the stroiigtHl electric fields ive cuii 
pKwluce, is but a minute fraction of the ether in their iieighlxu liooil. 
This is proved by an experiment made by Sir Oliver Lodge in 
which light was made to travel through an eletrlrk field iti rapid 
motion. If the electric field had carried the whole of the ether 
with it, the velocity of the light would have increased bv the 
velocity of the electric field. As n matter of fact no increase whnl. 
ever could be detected, though it would have Iwen registered if it 
had amounted to one-thousandth part of that of the field 
The ether carried along by a wave of light must lie an eiceedinglv 
small part of the volume through wlurii the wave is spread. Parts 
of this volimie are in motion, but by far the greater part is at rest: 
thus m the wave front there can not l« uniformity, at some part.; 
the etlier is moving, at others jt is at rest—in other worxls, the wave 
front must be more andogotis to bright specks on a dark ground 
than to a uiufonnly illiiminatetl surface. gvouna 

1 ^ ^‘her carried along bv an 

rorraiscle by the lines of fore^ attached to it. ^ “ ‘ 
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A simple cRlciilfttion shows that one-half of this mass h con¬ 
tained in a volume sfevon times that of a eorpuscle^ iSince wc know 
the volume of the corposde us well as the masst we Cuo calculate tlie 
density of tlie ether utiuclied to th^a corpi^lc; doing so, wo Hixd it 
amounts to the protligious value of about nl>oul "i,000 mil- 

!jcn times diat of lead. Sir Oliver Ludge, by somewhat different con- 
si derations^ has arrived i\i a value of the order of magnitude. 

Thus around the corpuscle ether must have an extravagant density; 
whether the density is as great as thl^i hi other places depeiid^j upon 
whcthec the ether is compressible or not. [f U b coinpressible, Llien 
it mav be condensed murid the co^pusclets^ and there litive an ahnor- 
inally great density; if it is not compreissible, then the density in free 
space can not b? less than the number I have just mentioned. 

With respect to this point we must remember that the forces acting 
on the ether close to the (!ur]jnscte nre prodigious. If the ether were, 
for example, nn idea! gas wiiof^ densit)' increased in proportion to 
die pressure, however great the pressure might be^ then when 
exposed to the pressures which exist in some directions close to the 
corpuscle, it had the density stated above, its density under atmos- 
plicric pressure w'uuld only be about 8X19"^^, or a cubic kilometer 
would have a mas:? less than a gram; so tliat instead of being almost 
incomparably denser than lead, it would be almost iiicouiparably 
rarer than the lightest gas. 

1 do not know at present of any effect which would enable us to 
determine whether ether is compressihlo or not. And although at 
first sight the idea that we are immersed in a medium almost infinitely 
denser than lead might seem inconceivablcj it h* not so If we remem¬ 
ber that in nil prdxability matter is compc»sed mainly of holes. We 
may, in fact, regard matter as [Kissesstiig a bird-cage kind of strnc^ 
tnre in which the volume of the ether disturbed by the wires when 
the structure is moved is infinitesimal in comparison with the volume 
inclosed by them. If we do this^ no ditlicuky arises from the gr<?at 
density of tho ether; ail we have to do is to increase the distance 
between the wires in proportion as w^e increase the density of the 
CthiT. 

Infit us now consider how much ether i.s carrit^ along by ordinary 
matter, and what effects this might be expected to prcKluce. 

T1k‘ simplest electrical system we know, an eli=?ctrified sphere, has 
attached to it a mass of ether proportional to its [xitenti^l energy, 
and such that if the mass were to move with the velocity of light its 
kinetic energy would equal the electrostatie potential energy of the 
particle. This result can be extended to auy electrified i^ystetn, and 
it can be sltown that such a system binds a mass of the ether prop^ir- 
iiunal to its potential cIlerg 5 ^ Thus a part of the maai of any system 
is proportiorml to the potential energy of the f^steuj. 
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Tlic 4:|iiestion nnw Dtwf? this part of the mass add anj'thing 

to the weight of the body? If the ether TViw not siibjeiT to gi^vitu- 
tional attrnctioti it certainly vroidd not; and oven if the ether were 
ponden^blo, we might ex|*eel that aft the mass is sw'iininiiig in n sea 
of ether it w'oukl not iiierense the weight of I he r>ocly lo which it is 
aitai'!hcJ+ But if it does not, then a bfwly with h large anioimt of 
potential energy^ mEty have on oppreciable Hiiionnt uf Us nia^ in a 
form which does not iiieieast? its weight, and thus the weight of a 
given mass of it uiay la? less than that of an equal muss of some suIn 
stunec with a smaller amount of potential energy. Thus tlie weights 
of tajinil masses of these substancefs would lie dilTerent, Sow, exfieri- 
tiieiits with pendulums^ as Sewton faiintefl out^ enable ns to defer^ 
mine with great aceuroey the weights of equiil masses of dtlFerent 
substaneesL Xeivton himself made experiments of this kind, mid 
found that the weights of equal masses were tlie s^tme for all llie 
materia Is he tried, l&vlOt made some experitneiits on this 

subject which are still the most uteurute we poKse^K, and he show^et] 
that tlie weights nf equal mosses of lead^ silver, iron, nr hra??s did not 
differ by as niudi ns one part in 4k),000,^ 

The siiltetances tried Ifv Newton and Reaspl did not, however, in- 
elude uny of tliose substanees which possess the marvelous power of 
railioactivity: the di^very of tlu^ ennte much later, and is one 
of the most striking arhievenienls of modem jiliysics, 

Tliese nidioneti\’€ substances are conskintly giving out large qiianti- 
ticjj of heot, prosnunobly at the espeifiso of their potential energy'; 
thus when these sul>Htancc 3 reach their llnal non radioactive state I heir 
p>tf ntial energy must lie less than when they were radioactive. 
PrDfe>j&m Rutherford b measurements show- that the energy emittetJ 
by I gram of niiliiiin in the course of its degradntimi tn nonmdio- 
uctive furniH is equal to the kinetic energy of a of one-thirteenth 
of a milligram moving with the vetocily of lighL 

Tlw energy, according to the mle \ have stated, corresponds to 
a iiiafs of onL-thirteimth of a milligrftm of the ether, and thus a gram 
of radiiini in its radioactive state must have at least oiie-thirteentfi of 
a milligram more of ether attached to it than when it has been 
degraded into the non radioactive forms, Tims if this ether does not 
increase the weight of the radium, the ratio of mass to weiglu for 
nt<]iiim would be greater by about one part in i^JOOO than for its 
nonradioactive products. 


1 pttemj.tL^ *veral yenns ago to find th<> mlo of mnss to woieht 
for ™dmm by n little pendulutn, iho bob of which was 

r had only a small quantity of rudiiim, and was 

n«. .Ml. ,„y .ce.,„c,v. I ,|ut 

«nd -rtber ™ba.oc« ™ 


FBOOUESS IX PHYSICS—TEJDM5KIX* 


195 


luive been u^mg at tht‘ Cavendish La^wrntory a pendiidiim whiwe 
hob was filled with uraniuni oxlden We hiive got good reasons for 
supposing that uniniiim is a parent of radititn^ so Lhut the greiiL 
potential energy und large ethereal mass pO'&sessed by the railiiJiii 
will l>c also in Uie uranium; the experiments are not yet comptctefL 
It Ls, perliBps^ expecting almost too much to hope tliat the radio¬ 
active substati{.-es may add to the great sendees tliey have already 
dune to science by furnishing tlie first case in which tliere is some 
dilFerentiation in the airtion of gravity* 

The mass of ether bound by any Ssysiem is such that if it were to 
luovo with tha veiocity of light its kinetic energy would be equol 
to the potetitiiil energy of the system. This result suggests a new‘ 
view of the nature of potential energy. Potential energy^ is usually 
regarded as essentially diffei'ent fri>ni kinetic energy* Potential 
energy depends on the configurntion of the systeals and can Ijc cah 
cukted from it when we have the. requisite data; kinetic energy, on 
the other hand,, depends upon the velocity of the sj’steni. According 
to the ]>rinciple of the conservation of energy the one fcirin con 
lx? converted into the other at a fixed rate of exchange, so thiit when 
one unit of one kind disappears a unit of the other siiniili.aneously 
appears. 

Now’, in jimny cases, this rule b all that we i^uire to calculate 
the behavior of the s^'stem, and the conception of isotentinl cnergv 
is of the utino?^t value in making the knowdedge derived fitun experi¬ 
ment and oliscrvation available for mailiPiuHtk^] calculation* Ir 
must, however, T think, tx? admitted tlmt from the purely philfi^ph- 
ical point of view- it is open to serloHs objection. It violates, for 
example, the principle of continuity^ When a thing changes from a 
^tiite A to a diiferent state li, the principle of coiitinuily requires that 
il must pass ilirough n number of slates intermediate Iwtween A and 
B, ho lliat the Irmni^itjon is made grailnally, and not ubniptlj* Now, 
when kinetic energy' changes intu pcitential. altliougii there is no dis¬ 
continuity in the quantity of the energy^ there Ls in its qiinlity, for we 
do not reetigidze any kind of energy intermediate between that due 
to the motion and that due to the position of the system, and some 
portions of energy arc supposed to change per salt urn from the 
kinetic to tho potential form. In the case of tlie transition of 
kinetic energy into heat energy in a gas, the dijscontinuily has db- 
appeared with q fuller knowledge of what the heat energy in a gas 
is due to, ^\Tien we ivei^e igne^rant of the nature of ibis energy, the 
transit ion from kinetic into thennnl energy seemed diwonlinuoiis| 
but nmv w-e know that this energy^ h the kinetic twtgy of the mole¬ 
cules of wliirh the giis is couipn^h so that there is no change in the 
type of energj^ w'hen the kinetic energy of visible motion is tnins- 
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formed Into the thermal energy of h ggs^it is just the trtinsferenoe of 
kinetic energy from one body to another. 

If "vi'e regard potential energy ns the kinetic energy of portions of 
the ether attarhed to the system, then all energy is kinetic energy, 
title to the motion of matter or of portions of ether atlaelicd to the 
mutter. T showed, many years ngn, in my “Applicntionii of Dyniim- 
ics to rUysira and Cliciuistry;’ tliat we could imitate tlie effecLs of 
^e i»tentinl energy of u system by means of the kinetic energy of 
invisible systems connccletl in an appropriate manner with the main 
By stem, and til at I be potential energy of the visible universe may in 
reality Ik- the kinetic eiuTgy of an iiivisibin one connected np with it. 
We naturjilly siipjiose that this invisible universe is the luiiiiniferoiis 
ether, that ijorlions of the ether in rapid motion arc connected with 
the visible systems, and that their kinetic energy' is the potential 
energi' of ths^ systems- 

We may thus regard the ether as a bank in which we may deposit 
energy and withdraw it nt our convonlenccL The mass of the ether 
attached to ihe system will change us the potential eiici-gy changes, 
and thus the nmas of a g-stt-ni whose potejitiiil energy is changing can 
not be fonstant; the fluctuations in mass under ordinary conditions 
are, however, so small that tliey can not be detected by any mefiiiH at 
present at our disiaissl. Inasmuch ns the various forms of potential 
energy are continually being changed into heat energy-, wldch is the 
kinetic energy of the molecules of matter, there b a nronstant tendrticv 
for the mass of » system such as the earfh or the sun to diminish, and 
thus as lime goeii on for ttie mass of ether gripped by the material 
univciTHe to become sfnnller and smaller; the nite at which it would 
diminish would, however, gin slower as time went on. und there is no 
reason to think Uial it would ever get below a very large vtilue. 

Radiation of light and heat from an iiiciindescent body like the sun 
involve.^ u constant loss of mufs by the body. Each unit of energy 
radiated <-arrJes off its quota of mass, but ns the mass ejocled from 
the sun per year is only one part in 20 billionths (1 in 2X10’*) of the 
mass of the sun, and os this diminution in mass is not necessorjlv 
accompanied by any decrease in its gravitational attraction, we tan 
not expect to be able to gel any evidence of thb effect. 

,Vs our knowledge of tl,e properties of light has pmg]as.scd we 
have Ijeen driven to rectignisic that the ether, when transmitting light 
pqsiesatH properties which, la-fore the introduction of the electro’ 
tnagiietjc theojy-. would have been thought to be peculiar to an emis¬ 
sion theory of light and to lx.- fatal to the theory that light consists of 

Take, for example, the pressure exerted bv light. This would fol 
low aa a matter of course if we suppi^d light to be small particles 
moving with great velocities, for tliese, if they struck against a bodv, 
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wynlcl niiiTiife*'ll 3 ’ tend to push it forwiird^ while on tlie undtiltitory 

tlicoiy there Hjeined no remson why any etfect of tliis kind 

places 

IiicJced* in 1192^ this verj' point was regarded as &. test l>etween the 
Uieories* and Bennet niitde ejciwrinients to see whether or not he t^ould 
find any truces of this pressure. We now know that the pres^rure is^ 
therc» and if Ben nets iiistrinncnt had been more sensitive he must 
hiivti observed it. It h perhaps fortnniite tiiat Beniiet had not at 
lii^ rominniid tnore delk-ate apparntUH. Had he discovered Uie pres¬ 
sure of iigiit, it would have si taken cenfitlence in tlie iindulatory 
theorv and checked tha.1 uiagnitic'Ciit work at ihe Iteginnirig of the 
last century which so greatly increased our knowledge of optics. 

As anoiher example^ take tlie <|tiestion of the distribution of energ 3 ' 
in a W[ive tif Itghl, On the einissiun theory the energ^^ in the liglit 
is the kinetle energy of the light particles, llius the energy of light 
is iiiiifle up of distinct units^ the unit being the energy of one of the 
partide^f* 

Tlie idea that the eneigy has u structure of this kind ba.s lately 
received a gt>CHJ deal of support. Planck, in a very remarkable series 
of iiive^tjgatiotii^ on the tbfrmndynHmics of i^diatioiu pointer] out 
that the expre-^iojis for the energy uiid entropy of nKliani energy' 
were of sucli u form as to suggest that the energ 3 ' of mdiation, like 
that of H gas on the riioiecuhir theory, was made up of distinct units, 
the magnitude nf the unit depending on the color of the lights aiul on 
this assumption he was able to calculate Ihe value of the iinil, und 
from this deduce incidentany the vulite of Avogadro's coiudniit—the 
number of uiolecules in a cubic centuiielor of gas at staiidai^ tempera¬ 
ture and pres^iire. 

This result is most interfiling and important l:iecau$e if it were a 
legiliinale dg<luc(ion fimm the second taw of thermodynamics, it 
would [ip[ieur that only a particular tyi)e of mechnniffm for the vibra¬ 
tors which give out light and die absorbers which absorb it could be 
in accordance with that kw. 

If this were so, thciij regarding the iitnverse as a collection of 
machines all olx^ying the laws of dynamics, the second law of thermo¬ 
dynamics would tmly fie true for a particular kind of machine, 

'There seems, however, grave objection to this view, which I riniy 
illusti-ttte by the case of the first law of thernKJdynamit>. the prin- 
eiple of the conservation of energy. This must true whatever be 
the nalure of the madiiiies which make up the universe, provided they 
obey the laws of dynamics, any applicratiem of the principle of the 
coiL^rvution of energ^v could not discriminate bet ween one type of 
machine and another, 

Xow» the second law of thermudynamics. thougli not a dynamical 
priticiple in as strict a sense as llic law of the conservation of energy. 
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i,s own thnt we tihoiild c 3 qKH?t to hold for n coUefitlow of a latgK^ number 
of mridune^r of any typot provided that we i?ould not directly aifect 
the indlvidiieil machines, but eould only observe the average etfeota 
pttKlueed by an enormoits ntindier of them* On this view, the second 
law, as w'eli ps the Jirst, should be incupuble of saying that the mn* 
chines wert' of any particular type; so that investigatione fonndud 
on them3tK]3maiiiics, tJuingii the expressions they lead to may inig- 
g{^t~can noL 1 tliinkj Iw regarded as proving—the unit sirocturo 
of light energi'. 

It would seem as if in the application of thermodimamics to railia- 
tion some additional aKfnttiptioii has Ijeen implicitly mtrwluced, for 
these applications lead tod^nite relations between the energ^^ of the 
light of atiy particular wave length and the temperaiure of the 
IiitiiihOias bod3\ 

a possible way of accounting for the light rmiUed by hot 
iKKlies is to suppofre that it arises from the collisions of co^p^sclc'^ 
with the tnoleciiles of the lust hody^ but it is only for one particular 
law of force btuwten the corpuscles and the molecules that the distri- 
bat ion of energr would be the same ns that deduced by the wcond 
law nf thennodyiiamics, so that in this casr, as in the otlier^ the ix?snlbi 
obtained hy the application of thcrmodynaniics to radiation would 
rcqsiire ns to Siiipposo that the ?^jild law of theniUHlynainics is only 
true for radiation when the radiation i& prgdticfed by luecbanism of a 
special type. 

Quite apart, however., from eonsidcratjons of therrnfHlynnmtc^^ we 
should expect that the light from a lum-iuous source should in many 
Oises consist of parcels^ possessdngt at any rate to liegin wdth^ a delinite 
ainciufiE of energi'. Consider. Uk e:?ample, the case of a gas like 
sodiutii vajior^ emitting light of a didinite wave lenglli; we may 
imagine that this light, conKisting of electrical waves^ is emitted by 
systems rcscnibling Leyden jam. Tlicejicrg>" originalh^ poisesstHl hy 
such a fij*stcni will be the electrcisbitic energy of the chargtvd jar. 
When the vibrations ai^e started this energy will be radiatctl away 
into spaeCf tbe radiation fomiiiag a complex S3‘stenit containing, if the 
jar has no electrical resistance, the energy st<jr€Ml up iti the far* 

'Die amount of thia energy will depend un the size of Ihe jar and 
the quantity of clcclricViy with which it ia chargeiU With regard to 
the charge^ we xim^i renicinber that we are dealing with systems 
formed mit of single molectilcs, >io that the charge will only consist 
of one or two tiutural units €>f electricity^ or* at all events^ some small 
muKijde of that unit, while for granetrioilly .^itiiilnr Leyden jars the 
eiiergy for a given i-hiirgi' will be proportional to the frftjueiicv of 
the vilirutioii x thus the energy in the liuntllc of radiation will be pro- 
f>oitional to the frecjucncy of the vibration* 
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We may picturp to our^Ives Ibe radialioD nt^ of tlie lines 

of <?IecJTie force which, before the vd brat inn?? were iittirtedy were heldj 
tK>iiiid by the charged on the jar^ and whichj wiieri the iribrntions be¬ 
gin. are thrown into rhythmie undulations, liberated from the jar and 
travel thrmigh t^pace with the velocity of light. 

Xow let us Hupjaise that this syjitem strikes agFiinst nn uncharged 
I’fuidenser nnd gives it a charge of electricity, the charge on the plates 
uf the condenser must be ni least one unit of electricity, because frac¬ 
tions of this charge do not exist, iind each unit charge w'ill anchor a 
unit lulje of f(>rce, which must come from the parcel of nidi at ion 
falJiiig uixui it* Thus a lul>e in the incident light will be anchored 
by the condcJiser, and the pared formed by this Ui^v* wbll be iiiichoretl 
and w ithdi'awui ajs a wdiole from the pencil of light incident on the 
condenser. If the energy' required to charge up the oondeniier with 
ji unit of dectricily is greater than the energy in ihe incident parcel 
the ttila? w'lll not be anchored, and tlie light will pass over the con- 
dcrisi?r and e^ape from it* Tlirse principles that radiation is made 
up of units, and that it requires a unit possessing a definite amount 
of energy to excite radiation in a body on which it fall>:, perhaps 
receive their IjKft iihiHt ration in the remarkable laws governing Fec¬ 
und ary Rontgen radiat ion, recently discoverad by Professsor Rarkla* 
Piofessur ihirkla lias found that each of ihe ditferent cli€*mical ele- 
nicnUsj Ti'hon cx|josed to Koiitg^ui rare, emit a definite type of second¬ 
ary radiation whatever may have been the type of primary * thus lead 
emits one ty[>e* cojjper another, and m ori|^ but the-'?e radiations are 
not excited at all if the primary' radiation is of a softer type than the 
specific nHlialion emiltcd hy ihe sulMance? thus tlie secondary i*adia- 
lion from lead luring harder than thal fntm copper; if copper is es- 
pcssetl to tile ssSfcniidary radktina from lead the copper will radiate, 
hut lead will not radiate when expn&H*d to copper* ThiiSt if we sup- 
po}^ that the energy' in u unit of hard Rdntgen rays is greater than 
that in one of i^oft. Barkis's results are sirikingly analogous to those 
whicli w’ould follow on the unit theory' of light* 

Ttiough we have. I think* strong reasons for thinking that the 
energy' in Ihe light weaves of definite wave length done up into 
bundles^ mill that th(^ bnndlea* when emitted, all pnoiswefH the same 
amount of energy'. I do not think there is any reason for suppof^ing 
that in any ciisiial Hpiadtiicn of light of thia wave length, which may 
Fuli^ucnt to its eini^^ion have liecn many iime^ refracted or retlected* 
the hundlcH pnsj^ijs any deliriito amount of energy^. For consider 
what mnst happen when a bundle is incident on ii surface siiuch 
glass* when part of it is refleeted and ]5art transmitted* The bundle 
is divided into two portions^ in each of which the energy is lea^ tlian 
the incident bundle* and since these portions diverge and may nliU 
mately be many thou^nds of miles apart, it would seem meaninglc^^ 
^5740'—SM l&OO-*14 
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to still regard tlieni as forming one unit* Thus the energy in the 
bundles of lights after they hare suffered partial refl(y:tinn. w ill not 
be tlie same us izL the bundles when they were emitted. The study 
of the dimensions of these bundles, for example, the angle they sub¬ 
tend at the luminous source^ is an interesting subject for iiivcstigiv 
tion; experiments on interference between rays of light emerging in 
different directions fnmi the luminons source would, proiiubly throw" 
light on this point. 

I now pa^ to a very brief eonsidenitioii of one of the inrtit impor¬ 
tant and iiiterestiiig advances ever made in physics, and in which 
Canada, as the place uf the l abore of Frofesstu^ Eut her ford and 
Soddy, has taken a ctinspicuouir part, 1 mean the ditscovery und in¬ 
vestigation of radioactivity, iiadionctivity wa-H brought to light by 
the Eontgen rays. One of the njany remarkable properties of these 
reys is to excite phosphorescence in certain substances, indiiding the 
salts of uranium, when they fflll upon them. Since Eimtgen rays 
produce phoaphonesoence^ it occurred to IJeequerel to try whether 
phosphoresenw would produce Eontgcn rays. He took some nraniiiiii 
salts which had been made to phosphoresce by exposure not to 
Rontg^n rays but to sunlight, tested them, and found that they gave 
out ray^i pwKiessing properties similar to Hbntgeii rays. Further in¬ 
vest igat ion showed, however, that to get these rays it not ncces- 
sfiiy to make the uranium phosphoresce, that the salU w^ere just ns 
active if they had been kept in the dnrk. It thnw appeared that the 
property* was due to the metal and not. to the phosphorescence, and 
that uranium and its compounds possessed the power of gi^dng out 
rays which, like Eonlgen rays, affect a photographic plate^ make 
certain minerab phosphoresce, and make gases through which they 
pass conductors of electricity. 

Niepce de Saint-Victor had observed some years before this dis¬ 
covery that paper soaked in a solution of nranium nitrate affected a 
photographic plate, but tlie observation excited but little interest. 
The gi'oiind had not Iwen prepared^ by the discovery of the Enntgen 
rays for its reception, and it w ithered and was soon forgotten. 

Shortly" after Becquerers discovery’ of uranium, Schmidt found 
that thorium possessed similar properties. Then Monsieur and 
Mndarne Curie, after a most difficult and laliorious investigation* dis- 
t:overe<I two new substances, radium and poloniinn, pOK^Hs^sing this 
property to an enormouhly greater extent than either thorium or 
iiraniiimT and thii* was followed by the tJis<mvery of actinium bv 
Deblernc* Now the researches of Rutherford and others have led to 
the discovery of so many new radionctive substances that any attempt 
at christening $eems to have been aWndoned* and they are denoted, 
like policemen, by the Jettera of the alphabet. 
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Mr. Cflinpliell bas rmntly found that potassium^ though far iji- 
fcrior in this respect to any of the substances I have nanied, emit$ an 
nppreoiabJe amount of radiation, the amount depending only on Uie 
ipiantity of polaedunu and being the same whatever the source fmni 
which the potassiuni is obtained or whatever the elements with which 
it may Isa in conihination. 

Tlio nidi lit! on milted by tliese substances Is of three t 3 T>es known 
as ft-, and y-rays. The n-rays have been stiowui by Rutherford to 
Ijt? jM'Jsitively electrified atoms of lielitiiu^ moving with speeds which 
reiich up to iilKiLit one-lenth of the velocity of lights The p-mys arc 
negatively electrified corpuscles, moving in some curies with very 
nearly the velocity of light itself, while the y-rays are unolectriRcdj 
ami are anjilogons to the Kontgon rays. 

The mdicwctivily of iirniaiiiin was shown by Crookes to arise from 
something mix&l with the uranium, and which differed sufiicjently in 
properties frtim the uranium itself to enable U to be separated' by 
chemical analysis. He took some uraniuin. and by chemical treatment 
sepamted H into tw^o portions, one of which was radioactive and tlie 
other not. 

Nest, I3ei?qiierel found that if these two portions w'ere kept for 
several months, the part which w'as not radioactive to begin with re^ 
gained rndioactivity, wdiile tlie part which was mdioactive to begin 
with had lost its radioactivity. Thesie effects and many otliers rectuvr 
a coinpletc cKplanntioii by the theorj*^ of radiooctivfi change which wc 
owe to Rutherford and Soddy. 

According to this theory, the radiotictlve elements are not perma- 
tient, hut are gradu&Uy breaking up into ckments of lower atomic 
weight ? nranium, for example^ is slowly breaking up, one of the 
products being radium, while radium breaks up into a radioactive 
gas called radium emanation, the emanation, into another radioactive 
substance, and so on, and that the radiatlonjiF are a kind of swans 
song emitted by the atoms when they pas from one form to anolUcr; 
thai^ for example, it is when a radium atom breaks up nnri on atom 
of the emanation appears thai the rgy^ which constitute the rndio- 
acLivity are produced^ 

Thus^ <Jti this view the atoms of the radioactive elements arc not 
immortal; they perish after ii life whose average value mngr'H from 
thousands of tnilliorLs of years in the of urnninm to a Bet^ond or 
so ill the ease of the gaseous emanation from actinium. 

WTien the atoms psss from one state to another they give out large 
stores of energy^ thus their descendants do not inherit the whole of 
their w'Ofilth of storedup energy; the estate becomes less and lesj 
wialthy with each generation; we find, in fact, that the politician, 
vvhen he imposes death duties, is but imitating a prtsce?^ which has 
been going on for ages in the case of these radioactive sutetances. 
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^fitny points of iritezvst srl<5c when wa consider tiie mte at winch 
thn atoms of radioactive tfubattinct! disappear. Ruthrrford hns 
shown that whatever bo the age of lliest* titoziis,, ihi* [i^rcetilngc of 
atoms wJiich disappear in one second Is always the same; another way 
of putting it is that the expectation of life of an atom is inde|]eii<leiit 
of its age—that an ntotn of radium one thunsand years old is |!ih>l as 
likely to live for another thousand yeafs as one just, sprung into- 
existence. 

X<nv this tronhl Ik* the case if tlte death of the atom were due to 
^inelliiugfroni outside which struck old and young imiiscrlimnately t 
in u battle, for cxutiiple. the ehatice of bring shot is tlwj same for old 
and j’otiug; so that we are inclined at first to look to soiiirtlnng com¬ 
ing from outside as the cause whj' an atom of radium, for exHinple. 
smldenh' rJningeB into an atom of the emaiiiition. litit here wr are 
nirt with the difliciilty that no diiiiiges in the external condUiuiis 
that we have us yet l»een able to produce have had any etr^t on the 
life of ttie atom; as fur as we know at preiient the life of a radium 
utom is the same at the temperatoix^ of u furnace as nt that of Iir|iiid 
air—it is not altered hy surrounding the radium Iw thick screens of 
lead or other dcuse tnuterials to ward off radiation from uuisifk, and 
what to luy to hid is es]K!citil|y sigidlicant, it is the fame when the 
radium is in the most eon rent rated form, when its atciiJis are exposcirl 
to Uto rigorous Ikhii bard men t from the rays given off hy the neigji I air¬ 
ing atoms, as when It is in the tiiost dilute solntion, when the rays are 
ahsork'd by the wiiler which sejiurates one atom from another. This 
lust result seems to me to make it somewliat improliable that we shall 
be able to split up the ntoiiis of the noriruilionctive elernents by expos¬ 
ing them to the radiation from radium; if this ntdiaiioii is unable to 
affect the unstable radioactive utonis, it is somewhiit unlikely that it 
will be able lo affect the much more fitiihle nonradiosiciive elements. 

The evidence we have at present is against a disturbance coming 
from outside breaking up of the radioactive atoms, and we must there¬ 
fore look to some process of decay in the atoni itself ; but if this is 
the case, how are we to reconcile it with tho fact that the expectation 
of life of an atom does not dimmish as the atom gets older! We can 
do this if we suppose that the atoms when they are first produced 
have not all the same strength of constUutioti, iliat some are more 
robust than others, perhaps because they contain more intrinsic energv' 
to Ijegin with, and will iherefurc have a longer life. Now if when 
the atoms are first produced there are sonie which will live for one 
year, some for ten, some for a thousand, and so on; and if lives of 
all ilitralioiis, from nothing to infinity, are present in such propoi lion 
that the number of atoms which will live longer than a certain num¬ 
ber of years decrease In a constant proportion for each additional 
year of life, we can easily prove that the expectation of life of an 
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fttom will the same whatever its age nmy Iw. On ilm view the 
diffrrtHit atoms of li rradjoactive fnii^innoe nn* not^ In all miiccLSj 
idHiitimU 

The energy' dcv€lo[M!d liy rndioanative iiuh^ftnnces is exc^rdin^^Iy 
large, I of radinrn developing nearly as mtioh energy ns would 

\w praluced by i>nrniiig u toti of coni. This energy is nininly in the a 
particles, tho pot^.itLvely churgeil helitmt atojns which are emittetl when 
the fbjiMge ill the atom takes place; if tliis energy Avero produced by 
electrical foiwa it would indicate that the helinni ntom had moved 
through i potent iiil dilTerenoe of iilKUit 2,0tK),0(K) volts «n its Avay out 
of the atom of radiiinu The i&oiirce of this energy ia n prtibleiu of 
till* dfepeat interest: if it arises from the ropnlsioii of similarly elec¬ 
trified systems exerting forces varying tiiversoly us the square of the 
distancx^ then to get the requisite amoutit of eiiergi" the s^^^stenis, if 
iheir charges wore coTnparalik with the charge ou the a particle^ 
could not when they start he further apart than the radiie? of n 
corpu!^'k\ 10"^* cm. If we suppose that the parLicles do not acqnii^ 
this energv" at the explosion^ but that before they are shot out of the 
radium atom titey move in circles insj<le this ulom with thn speed 
with which they eiiieige, tlie foi'ces reciuired to prevcnl particles mov¬ 
ing Avith (his A'clwity fnuii Hying off at » tangent ai'e great that 
finite cliiiigf^ of electricity eoiild only produce them at ^listuiicc^ cam- 
pa ruble AAdth the radius of a corpuscle- 

One method hy which the requisite amoijnt of energj* could lx? ob¬ 
tained is sagge^^tefj by the vipAv to Avhich I have already alliiikd— 
that in the atom we hai^e tdcctrified syaitems of very dilferent types* 
one smalh the other large; the radius of one type is coiinxirable with 
lO'*" cm** that of the other is about 100,000 times greater, Tlie 
elecirfMtatic poteiitjaL energy in the fiiualler ijodies is etic^rmoiu^ly 
greater than that in the larger one^; if one tif these small iNAdie^^ were 
to exjiloi.li' and cxjiand to the size of the larger oncs^ we should have 
II iilietiition of eiiergy large enough to endoAv an u particle with the 
energy it possesses* Is it possible that the posiiiAe units of eletariiuty 
weiT. to Iwgiii Avilh, quite as small as the itegattve. btii while in the 
course of agen; most of these have from the ^smaller stage to 

the. largT'r, then^ are small ones still lingering in nnljoactive 

Kubstances, and it h the explosion cif rhes*" which lilicnites the energy 
iict free during nidkxietivo traiutfnrmation f 

The profierties nf radiiim have (xinsequeneea of enormous im¬ 
portance to the geologist aw well ati to the idiysicrist or chemist. In 
fact, the dijisMivery of these proper!it!s bus entirely altercil the nspvcl 
of one of the incest interesting geological prf>blcins^* that of the age 
of the earth. Itefore the discovery of nidiiim it was SM{i|>osed that 
the 5U]>plies uf h<?at fiirnlnhed by chemical changes going on in the 
earth were quite insigniflcarit, imd that there was nothing to repliice 
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ihc h^ut which flow.'; from Ih? hot inlt'rior of tho OArth to the colder 
crust. Sow. when the earth first soLldilied it only possessed a certain 
nmonnt of capital in the form of heat, nod if it is continual I v spend* 
ing I his capital and no! gaitiiiig any frcih beat it is evident tlial the 
process enn not have been going on for more than a certain niiniltcr 
of years, otherwise tlie earth woidcl be colder tlum it is. Lord Kelvin 
in this way estimated tlie age of the earth to be less than 100,000,000 
years. Tiioiigh the quantity of ladium in the earth is on e:Kceeding]y 
small fraction of the mass of the earth, only alnoiurliitg, accoitling 
to the determinations of Professors Strutt and ,foly, to about 5 grams 
In a cube whose side k iOO miles, yet the amount of lieat given out by 
this small quantity of nullum is so great that it is morci! than cnougli 
to replace the heat which flows from the inside to the outside of the 
earth. This, as Hiitherford haa pointed out, entirely vitiates the 
previous nicthwl of deteruiining the age of the earth. The fnet is that 
the radium out so much heat that we do not quite know whut 
to do wdth it, for if then- was as much radium tliruughout the interior 
of the earth as there is hi Its crust, the temperature of the earth 
would inctease much more rapidly than it doess as we descend below 
the earth's surface. Professur Strutt lias shown that if radium be* 
havct; in the interior of the earth us it does at the surface, rocks 
similar to those in the earth’s crust can not extend to a depth of more 
than 45 miles btdow the surface. 

It is nnuarkabh* that Professor ililne from the study of earth* 
quake phenoitiena hatl previously cotiic to the wndusion that rocks 
sitiiikr to those at tlie cjirth’s surf nee only descend n short distance 
lielott' the surface; ho estimates this distance nt alwut 30 miles, and 
concludes tlial at n tleptli greater than this the earth is fairly 
homogeneous. 

Though the discovery of radioactivity has taken away one method 
of calculating the age uf tlie earth it has supplied another. 

The gas helium is given om by radioactive bodie;, and since, except 
in Iwtyls, it is not found in tiuiierals which do not contain radioactive 
elemcnta, it is probable that all llic hetiuni in these minerals has come 
from these elements. In the ease of a mineral cuntaining iiraiiiuni, 
the parent of radium in radioactive equilibrium, with radium and its 
products helium will be profluted at a definite rate. Helium, how¬ 
ever, unlike the radioactive elements, Is pennaiiont and accumulates 
in the mlDernl; hence if we measure the amount of helium in a sample 
of rock and tlie amount pnnluccfl by the sample in one year we can 
find the length of time the heliiim has ia-en accumulating, and hence 
the age of the rock- This method, which is due to Professor Stnitt, 
may lead to detenninutlons not merely of the average age of the crust 
of the earth, hut of tlie ages of jjarticulnr rocks and the date at which 
the various strata were deposited; he has, for example, shown in this 
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woj that a £peei;ii«ii of tlie mineraJ thorianlte must be more than 
240,000^000 years old. 

The physiolojfkfl! and medical properties of the rays emitted by 
rndium is a held of researcli in whicli enoiig^li lias already been done 
lo justify the hope that it may lead to eonsidetubk alleviation of 
liunmn siitTerlng, It seems quite dedmtely established tJmt for some 
diseases^ notably rcKknl ulecr, treatment with these rays has pro¬ 
duced remarkal>le cures; it is imperativet lest we should be passing 
over a uirajis of saving life aiid hoaltli^ that the subject should be 
investigated in a much more sys-lematic and extensive manner than 
there has yet been eitlier time or material for» Radium is^ however, 
so costly that few hospitals could atford to undertake pioneering work 
of tins kind; fortmiately* however^ through the generosity of Sir 
Ernest Cnft^d and Lcird Tvengh. a mdiuni institute, under the pat* 
roll age of Ills Mtijesty the King, has imm founded in London for tlie 
study of the medicnl properties of radium, and for the treatment of 
patients suffering from diseases for w'hieh radium is Iwneficifd* 

The new di-Scoveries made in physics in the last few ye 4 irs^ and 
the ideas and potentialities suggested by them^ have had an effect 
upon the workers in that subject akin to that produced in literature 
by the renais!^uce> Enthusiasm has been quickened, and there is n 
hopeftib ytJuthfuL perhaps exuberant, spirit abroad which leads men 
to iiiakct with confidence, experiments which would luive been thought 
fantastic twenty years ago. It has quite dispelled the pe^mistie 
feelingj not uncommoa ut that time, that all tile interesting ihingfl 
had been discovered, and all that was left was to alter a decimal or 
two in some physical constant. There was never any justification for 
this feelings there never were any signs of an approach to Gnality in 
science. The sum of know ledge is at present* at any rate, a diverging 
not n converging series. As we conquer peak after peak we see in 
front of us regions full of interest and beauty, hut w-e do not our 
goal, we do not sec the horisiLon; in the distance tower still higher 
peaks^ which will yield to those wLo ascend them still wider |jros]iects, 
ami deepen the freling, whose truth is cmphci'^iKCi] by every advance 
in science^ I hat Great are the )iVorka of the Lord.'^ 


PRODUCTION OF LOW TEMPERATURES, AND 
REFRIGERATION. 


Dy L. 3i[Ai£CJiiji« 


(TninslAt^l hy pcrtnl^rto from the Rovu-e dmi 8rii?na?s, purtfl pt 

npf»l|qilf-e^ Rftrlfi, snrh jmf* Nu, a, \UTh:b Tfl, IJWSK) 

The first tiiteriiritiorml Congrei^ of RefrigeniiivE IndufftrieSr lielil 
ut Paris OctobEir 5-11908, was mmarkabLe for the nuniber and iiu- 
portatice of the paperii submitted by the men of ±fcienf?e and engi¬ 
neers who responded to tlie rail of the organ!station caiimiittee. 

The copgre^ was divided into dx ^tioas as follows; 

First sectioin Low temperainre^ and their general etfeets. 

Second sectioa. Refrigerating media. 

Third and foiirtli sections* Application of refrigenitinn to food 
and m various other indtistries- 

Fifth section. Applit^tion of refrigeration in eomnienv and trans¬ 
portation. 

Sixth f^ion. Ijcgialation. 

In tbirt article we do not intend to siumnari^te the mernoii's and 
communications presented, but rather to give a general view of tlie 
ctmgreai tliat hronght together meji of science, engineers, biologists, 
legislators* and men from the business world. 

Ti lilQUin AIR AND- TH£ i'fiOVEPnZfl OF ISODll^ AT LOW TKIII P RUA TH flTL*! - 

Tlic< first section cotisidprwl priticipaHy Hie production of liquid 
sir ttiiti tht! preparation, with this as & starting point, of osvgen 
and nitrogen in a commercial way, 

It is well known that air, like alt gases, is brought into a liquid 
condition by tlie combined eSect of lowering its temperature and 
e.Tpanding it suHieicntly. In carrying out this process, gnseoiis air 
cooled to a low tempemture is expanded suddenly from a preesure 
Pj to a lower pressure p,. Part of it gae«i over into a liquid state, and 
the other part, gaseous and very cold, is led into an economizer, where 
it cools down die air that is being compressed to the pressure p, for 
tbu first time;. 
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The ci^ntialiy adJabntic espiirisioti of air ean be effected iti iwti 
different wavs, 

{ft) Air coiiipressef] lo the presisiire p, may bo expanded wit limit 
doing nvuiluble exlerior work. It passes from tlie coniprei^^usn tank 
to Uio li^uefucthm tank, by the way of a nniTOvv orifice. This k live 
inntuier of expansion ailupteil by Linde in his liquid-air umehines. 
The lowering of lempt?ratiire nhtHine(l under such conditions only 
appreciable if the difTerence between she preKsnres p.^ nnd p, is enn- 
^iclerable- In Liiule’^ appatatua* gnseou.^ air cooled U% ahoiit —lOff* 

is exparidg'd frenn a prijssut'e of 200 to 4<) atmospheres; the lique¬ 
fied pait of the gas at about —140'" C- passes into a regi^nerntor where 
it cools the air cennpressed at 200 almospheres: it is then led into a 
punip which brings it np to tbis Inttcr pix^ure* A i^xxmd auxiliary 
pump draws air from the atiimsphere to lake the pket- of that part 
will eh has Ixx'ij liquefied^ !ii the iiat list rial niaizhines the gases cum- 
presided lo 200 aiinu^pheres, before piLSsing into the cennoniiswr where 
the gafi at —140'' circulates, are cuohxl by liquid amnuiniii. 

Under such cx)nditions^ in muchine^ which produce hO litei^ per Imur 
the yield of liquid air is fll>out half iv liter per horsepower-hour, 

(A) The seccm<l method of air expatisioti consist^i in utilising the 
exterior work which the gas is capable of doing wdien it passes from 
pressure to p^. This mewie of expansion with iitiliKubte exterior 
work is the basis of the prOfx*«^ of fi. Claude for the production 
of liquid aji\^ Air comprc^s^icd to ti maximum pressure of 30 or -10 
atmospheres passes first to att economizer, wheno it is cooled down 
ill Linde's appwrattLS by unliquefied gas. It is then expanded in the 
cylinder of u motor whose energy can lie utilized in the (irigitial 
cotupr^ioii of the air. In course of time a partial liquefactEon of 
the air i>ecnrs in the cylinder of the aii.xiliary motor. The lubrica¬ 
tion of this cylinder is uecomplished by means of a petroleum dis- 
tilhiti! hax'iiig a s]>et'ific gravity of OiSTo (iititornohile gasoline)» 
wlddu the low^ teuqx-ruture at which the motor ope^ratiKT attains 
fi Rinipy consistenny comparable to industrial hihrirants. 

AppliiM3 in tin? form the prix'ess of G* Cinude gives only unsatis¬ 
factory results. Tile expansion of the air, occurring ut temperatures 
of —175®^ to —IMl* h}* the gas expanding in the auxiliary' motor, 
takes place under unfaronitde conditions. The appearantze of liquid 
air in this auxiliary cylinder b likely to produce a peculiar water- 
hammer effect and is accompajiied by a large increase in fridionT that 

‘‘For a dcKrlptlob of Llaile's^ noLctifno. i«pe t2. Uatblaii: ** Ldi urCiHiratltxi 
tiulOKtiielle et 3es prlnctpales ai^pIlEaiUoua dos gai. Bevue g^oC-rale 

ijHfl Iklefa CH Tol. 12. 1001. 

^ Rcadora of obralnln^ the ^k-lalia of Claude’a procesit^es wUI Und ao 

account of them In thi' following: O. Claude: Air llqolde. I>xyj 5 eise. AjsotsL 
Peril. II. Duaod hiuI EL Phial, lUOSi. 
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Is to say, by a corrtlaiive destruction of the liquid uir produced. 
Moreover^ under the mo&i favorable conditions the yield of this ma¬ 
chine is hardl}^ more than 0.2 liter of liquid air per horsepower-hnur. 

For thiss reoson il. Claude has been led to modify the prfwei^ in 
the following wiiy, which 1 ahall eiideiivor tof xphuri: A part of the 
c-oDkd ciirrcni of air coinprej^ to tO atmospheres is deHeeled Ijeforo 
it arrives at the expansion cy Uiider* This nir under a press lire of 
40 atmospheres is Jerl into a cliatuber (liquelier) cooler] by the gas 
of the original current which has been expanded in the auxiliary 
nmtor. Thanks to a pressure of 40 ntmospheres the deflected gas is 
liquefied in this latter chamlwr at a tempeniture no longer of — IM®, 
as was the ruse in the origimd procesSj where iique fact ion oocsirred 
at the liiidt of its expansion, but at —140^ Furtheriuure, the 
expanded air iv hicrh circiikUd in the Jiqiiefier is heated up mid arrives 
in the econmtii7AT no longiT at —but at ulM>iit —130''. It cuok 
Hie gas iij the feed conduit lesvSt so that this gas orrives in the auxil¬ 
iary motor at a tem|jeriiturc of about — lOO"*. Its c.\'])aiision takers 
pliice^ therefore^ under 11101*0 favorable ajudilions, and liquefaction 
by e.xpans]on is less to be feared. 

By thus substituting liquefaction under pressure for hpontoneouH 
liquefaction by expansion M. Claude hud brought Uis prns!e^Bs of rec<JV- 
eriiig tlie energy of expansion ilowii to a pnielirfll basis. With ma¬ 
chines ulilking an exterior air eompressiou cajaicity of 7^ horse^ 
power the yield of this process becomes as high as OJ liter uf liquid 
air (HT horsepowerdiour. 

This idea can Inc carried still further, however. The air which 
arrives nt the auxiliary motor at a pressure of 4tf atmospheres and 
a teuqicrature' of iibotit —100^ C. ean be Hubjected iti expansion to a 
too great drop in temperature. To avoid the ri'fcurrcnce here of the 
difliculLits encountemi in the original process all thut has to L^e done 
is to carry out the expansion by fiegrees in several auxiliniy cylinders. 
1 he air of the fir^l expansion can cinmlate about a lii-st liquelier^ into 
which is led si defiet ted portion of air from the feed circuit in a i^ld 
unsl compressed condition* The circulaiing air ijs warmed up and 
goes on to lie expandcd in a second auxillaiy cyliiifler. This air from 
the second expansion is sent into a second liqiieficr similar to the 
first, and is finally led into tlie economizer. In practice the two 
liqueficrs are- not dj.stinct^ the two currents of air after espan^ioii 
nierdy circulate about different sections of the same lirpiefaction 
apparatus. iL Claude haji given tlie name of ‘^compound liquefac¬ 
tion ” to this last process. It marh^ a new and importiLnt step in the 
technique of the liquefaction of air. In machines of the Ivjio 
descrilicd aWve the yield of liqiiiil uir, by the application of com^ 
pound liquefaction, is as high ns 0^85 liter jief liorseptrtver-liour. 
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Liquid iiir pfcjuiJiiC^ to be the poIc Eource of oxygen and 

jiJtrogeu. The mnnufjicture of thes^ two gases at a Tcry low price is 
a problem the solution of which has a veiy gi^at importance in 
mciRllurgy^ and itt the feHilisting industry. How we can derive 
these from liquid air is a problem that 1 am now going to 

consider. 

Oxygen and nitrogen are two IkkUcs whose critical points are 
slightly d life rent (—JiB^ and 13 atmospheres for oxygen; —14©® and 

33 atmospheres for nitrogen). The vnpor tension curve of nitrogen 
is lielo^v that of oxygen. At a like temperature* below the lower of 
their critical temperEitures^ the two gnsest considered separately, 
jtquefy at very different pressum. The liqucfortioti of irir—that 
bf to suy, n mixture of these two gases—presents, howeveCj some 
peculiaritie-^ which are worth mentioning. 

If at a iiufGciciitly low constant temiKTiitiire, air is cottipreKsed 
in a cl<Beil chnnilx«r, the following phenomena may be oljserved: 

(1) At a prodetennine<l point of tiresaurLs a first dmp of lirpiid 
appears. Thb is what, after Duhein,* w‘e call the dew^-point,"^ 

(2) If at the constant temperature T the voliiiue of the air is 
duninishetl the presioire increases; at the some time the quantity of 
the liquid phase grows largi^r. If this increase of the pressure is 
continued nil Lhe air will pass into the liquid state, the value?! for 
P, and T, for pre>:?iure nn^l teinperature at that instant, charactcriaing 
what Duhem ha^ ilenoteil the boiling point. 

(3) Tlie flew and hoi ling pdnts obtained at different tempera¬ 
tures trace in the system P () T^ ou one hand the dew line and on the 
other the line of l:}oiliiig of the gaseou-s mixture coriffidared. 

(4) hor each system of valuesa (T* P) of temperature and pres¬ 
sure tlie two phases, liquid ami gas, are in a state of equilibritini ; hi 
this state the com position of the two phases is different. 

(fi) The percentage of oxygen (the more easily liquefied element) 
in either !i<|uid or giis«?oiis phase^ wc will term the content o# tills 
plia^e* 

The content of the liquid phase in a state of oquilibriupi is alwiiv.^ 
greater than the content of the guscoiis phase. At a i^ustant tem- 
pepiture, when the jiresaure is increas»<1, the contents of the two 
phases, liquid and gaseous, continue to diminish till the mixture is 
comptctcly Iii|i]efted Thus, when air is liquefied (volumetric con¬ 
tent *21 fM?r oxygen) the first drop of liquid contains oxygen and 
nitrogen and ita content is 47 j>er cent. This contem continues to 
dimiiiisli as the volume of the liquid phase increasea. A liqtiid with 

34 fxr cent oxygon can only be in equilibrium with gas of 12.5 per 
cent oxygen. But os long as there is a gas phase its content U con¬ 
siderably above zef!>. It retiiains above T per cent, 

*DuliE>ra: TraUfr ili> MiHmaJime cblrnEqaa, vol. 4, ctiap* 3, Paris, normarm. 
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It ean bo readily seen^ therefore^ tbnt if lUr two phases, liquid 
and gaseous^ formod by the progressive liquefadioii of nir are nmin- 
Uined m contact, it is inipossibk to prepare gaseoiis nitrogoii of a 
aiiflicjent degree of parity. 

It is a dilfererit tuattert however^ wlien, tinder roO-Siont prossuro 
<ondit]ons, the liquid phiise is eliminated m fast us it is pfoiJnced. 
We find oiiri^dves here in the presence of n phenomejion iiivei-^u ti> 
tliat observed when liquid air is diatllled under cionstaiit pressure. 
In such II case the c^iuterits of gEiseous and iiquiti ^>hascs increase 
ccijitinuoiisly. Tlie phases both tend tuword a composition of pure 
oxygen. At the same time the tem|>eiature of bniling rises fmm 
a value in the neighborhood of that of pure nitrfigeu to the Imiling 
point of pure oxygen. Invorfielj% if wo progre^ivdy condeJtse air 
under constant pressure, climuiating the liquid phase us fusl as it 
is formed, there ai*e obtained gaseous residing less and les^ rich in 
ox 3 ’gen; at the same time the lemperature of condensation becomes 
lower and tends toward the iHjiling point of pure nitrogen at the 
pressure einjdoyed. We obtain, tUerefore, much more ntpidlj than in 
the process considered above a gusiiKma mixtim^ richer in nitrogen. 
To obtain a gu^ous residue practk-ally fren* from oxygeiu however, 
it is necessary, if this method used, to ulmost completely liquefy 
the air, 

.V much better result ie^i olituinerl by the use of a device dcJiigned 
by M. Claude which he calk a retour en urrlere (redus apparatus). 

Let IIS imagine that the liquid after separating from the gtitf en¬ 
counters II gaseous mass ridler in oxygen, llie liquid is colder on 
account of the large pro|xjrtion of nitrogen jt contains. A part of 
the more condensable oxygen of the mixture will therefore be lique¬ 
fied and take the place of nitrogen w'hieh will vaporize. Thus hy 
dreiilating in opporite directions a liquid and a gas having different 
contents, there is obtained on one Jiand a liquid very rich in oxygen 
and on the other practicelly pure gaseous nitrogen. This process 
utilizes, moreover 5 a large auicnint of air which never needs to be 
liquefied. 

M. Claude has utilized this principle of reilux in the following 
way: A sort of small tubular bniler h uirang^d so that its axis is 
vertkral. The tubes ate surroundott ou the outside with liquhi air 
and into the lower ends of the^« tubes is led a current of cold com¬ 
pressed air. This liquefies progressively, giving liquids poorer and 
poorer in oxygen; these liquids, in fulling into ti receptacle below, 
encounter guises rich in oxygen and produce the gradual dihiiion, 
the principle of which we have described. There finally separates 
nut flt the top of the group of tubes practically pure nitrogen, while 
liquid with a high percentage of oxygeti k continually drawn out 
of the lower part. 
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A enlistAclo remains still to bo ovorcomo* Instoftd of air 

s(]pon'bar|;f<1 wish fl Toluiiictric content of 47 per cent oxygon, it is 
nocessaiy to obtiiin practicnlly pure oxygen. This can attained, 
thanks to processes of reclilicatioii bused cm those employed in the 
alcohol industn'. In sudi u process then.* sir*' two circulating strcstnis 
inside of u column, one from the Ixsttcim to the top, of prueticiillv 
pure oxygen gas, and the oElicr from the top to the hottoni, of liquid 
containing a large proportion of nitrogen. The JciUer, being colder, 
miidensc^ the oxygen and allows its nitrogen to escape in a gaseous 
form ftcxiorditig to the pron-ss which wc hax'e seen developed in 
connection with the reilnx appiinilus. 

Tile apparatus for this pnr|)ose is again composed of a sort of 
tnlndar Imiler with its axis vertical. At the upjx'r end it eostUlines 
into SI t'olunin with oondenifitig shelves, such os is UHcd Ju the alcohol 
industry. The vertical ttibes of the boiler arc surrounded by prae- 
ticnily pure oxygen, and into the interior of tbesc tubes cold nir is 
iul»Hlitced at a pressure of almtit 5 atmospheres. A.s we havo ex¬ 
plained iilmve, this air Itecnmcs liquefied, giving in the lower part 
of the iKiUer liquid nir surcharged w ith oxygen and in the tipper 
part practically pure gaseous nitrogen. This is carried through tin* 
liquefied oxygen and in turn becomes liqiielied. The superoxygen- 
ated liquid is carried up (through a tube) by its vapor presstm; 
and flows continuously into the central part of the rcclilicatiuji 
column. The liquid nitrogen is conveyed to the summit of tim 
column. The oxygen valorized in the tubular chamber on account 
of the (.-ondensution of the air in the interior of the titlxis. encounters, 
in the rectifying column, liquids richer and richer in nitrogen) there 
falls back in the still, consequently, liquid oxygen in a practically 
pure stale, while pure nitrogen separates out »t the top of the 
column. The quantity of liquid oxygen which falk Wk into the 
still is greater than the amount which vaporizes and ascends into 
the rectifying column. This excess of oxygen is drawn off and let! by 
way of an economizer to meters and to apparatus where it is used. ‘ 

.Such is the principle of the Claude method for the production of 
practically pure oxygen and nitrogen. The Linde method differs 
only in certain of its details. Ihc Dardot factory, which works the 
Linde [iroce»i at .Vuben.'illiery:, at present produces about 60 cubic 
meters of o.xvgen per hour. TJie Socifl4 do J’AIr ^quide, wliitb 
M!^ the C!^lBnde |irocet». has placed in operation apparatus capable 
of piwlucing 100 cubit- meters of oxygen per bour. The vield is 
nlmijt 1 cid>ic tneier of pure oxygen per each horsepower effectiiv 
on the shaft of the compressfir, in apparatus of 30 cubic meUrts, and 
about 1.19 cubic meters for those of 100 cubic meters capacity. 

This method of reflux has also made it pKesibk for M. Claude to 
extract pure gases, such as neon and heUnm, from the air. The 
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apparatus^ i^niibles him to extract as a by-product of the 
niunufaettm? of oxygen and niinjgen, a niixtiire of nitrogen with at 
Ifust 50 per tent of neon, ijelium, find iiydrogtii. To Hccomplish 
this the gaseous residues which art? sirmigly resistant to liquefaction 
an? druwii nut. in the pftijmrlion of 0,000 liters per hour for an 
iiiiiiix of air of 3,500 cnidt meters, frntn the lower parts of a tubular 
-system cooled lyy li(|uid tiitrogcn. liy the ctmjmiction of a pressure 
nf 4 atmospheres and h very low te in pern lure, all the liqueliuble 
parts are condensof] mid the gaseous residue. If the quantity is well 
rugiiliitetl, consists of an aliuo-st pure mixture of neon and helium. 

The liquefaction of tiir is not the last oltslade which men of 
science have overctmie in the field of gas condensation. Helium, 
tyhicli long resisted the elTorls of all physicists, lias finally been 
liquefied by M. Kammerlitigh Onnes in the cryogenic laboratory 
at Leyden* whose installation admits of the attainment of n rongi» 
of tcmperatnrei^ from 0“ down to -253*. Ry cooling down helium 
hy hydrogen boiling in a vacuum and suddenly expanding the gas 
t>ompresst?d to lOO atmospheres, the Dutch scientist lias obtained a 
transparent colorless liquid boiling at —2G0* with a density of 0.1.54. 
The critical constants of helium apiMar to be in the neighirorhothl 
of —238° and 3 atniot^phcrcs. 

Thanhs to the admirable sclenlific e{|uipineitt of the laboratorv at 
lA-yden, 31. Jean Bw-qocre! ha.s btH?n able to study at very W tempera¬ 
tures (be phenomena of liquid absorption and emission, such as thr 
magneto-optic phenomena in crj-stals and solidified solutions. This 
work of Becquerel, so iniportucit in its significance, bears on the fol- 
lowing poinLs: 

(1 ) Oliservation of the influence of variations of temperature on the 
almornial phenoinena of absorption and dispersion. Tjiws of the 
variation of the width of hands, and the existence for each Imnd of a 
maximum absorption.^ Calculation of the number of corpuscles pro¬ 
ducing absorption, i^pectral analysis at low temperatures, 

(2) Study, in crystals and solutions of a phenoiuenon of the same 

nature a.s the Zeeman eflect. Invarkhility at vurving icmperattires, 
of period changes produred by magnelisni. Observation at low Icm- 
fK-ratures of pheiRiiiienn showing the variation in stability of vibrnl- 
ing where rhoir peri ml iy modilicd. 

(3) Hntary magnetic poliiriMtion at low temiM-rntiiresi, E.vplonfl- 
tmn of mtatimi in tlie vicinity of the Ifflmla of absorption. Gener¬ 
al izatum of the phenomenon of witniy magnetic polarization. Ex¬ 
tension of ihe phenomenon to binxiai t rjstnk Joinder produced bv 
a magnetic field, of two principal librntims, normal to the lilies of 
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force. E?c[>eriinentiU proof of the existence in s body submitted to a 
field Rornml to a luminous ray, of a longitudmal component of elec¬ 
tric force, 

Xs M, i1hV.rsoiival baa so aptly pointed out in his paper at the close 
of the ecmfeixmce, tlie study of tlieae phenomena gives new results on 
the nature, the ninveuients, and the number of the electrT*ns which 
produce absorption. It contributes to the extension of our knowl¬ 
edge as to the ultimate constitution of matter. 

Tlip study of the phenomenon of magnetic saturation at low tern- 
peraturvs permits, ns M, Pierre Weiss has remarked, of the detemii- 
nntion of the luagiiettc moment of the molecnle.* This quAutity is 
fundamental in the expression of the law of corresponding magnetic 
stalest It law analogous to that of the same name which governs the 
compression and dilation of bodies. 

A study of such importance as the molecular modification of bodies 
is remlercd possible by the well-known fact that electric conducti- 
bility increases as the temperature is lowered. The creation of pow¬ 
erful magnetic fields by simple coils cooled dciwn and traversed by 
very intense currents* permits the realization of the atoni. and allows 
it to be transformed and its movements modified. 

Jor this reason the first section of the congress adopted tire fol¬ 
lowing reiMhitioiis presented by Messrs. Jean Perrin, Mothias, mid 
Kammerliugh Onnes; 

‘'(a) In view of the extreme importance which is attached to the 
modification of utom,s and the possibility of atiHinitig this residt by 
irieariH of nn iiiteiiEe magnetic field (a po»rihility which the Zeeman 
plienumenon has already demonstrated), the congress offers the reso¬ 
lution that the nations should unite for the construction of a great 
electro magnet without iron, the efliciency of which shall be incraosed 
by an intense refrigeration. 

In view of the admirable scientific equipment of the cryogenic 
Iflbi>rutory at Leyden and the hospitable offer of welcome made by 
1 rof. K. Onnes to the investigatoru of nil nations, the physicists pres¬ 
ent at tile first section of the Congress of Refrigeration, express the 
following resolution; That the governments of the nations repre- 
sentftl at the congres* should furnish necessarv a-ssistBiice to permit 
physicists to carry out at the cryogenic laboratory ot Leyden re¬ 
searches with regard to physical properties at very low tern[jeratiires. 

“(<?) The congress resolves that an international assoebtiou shall 
1» founded to further eueh study, scientific or otherwise, an associa¬ 
tion with ns headquarters at Paris, which while aiding the already 
specialized fields of research shall undertake the study of the whole 
domuiti of io\T temperature. 


•P. Weiss: Lliypoth^ee fln ebamp ojolfeaTalre et la pruprWte 
□etlquc. Keviie senfirale dea Sclencra, Fctmiary 15, IBOS, 
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“ In viGw of tho high degree of interest which attache^ to the car- 
rying out and coordinating of scientldc researeh in the field of low 
temperatures, the congress resolves, lhat the bureau of section A 
sJiall be charged with tin* organization of a permanent international 
association for the study of all scientific c|uesttons relating to low 
lempernt ures.” 

U, Itl^FKKlERATTNC ACEDIA. 

In the storehouses where at the present day foodatulfs are pre* 
seirecl by refrigeration, low temperatures nre obtfline4 by the vapor¬ 
ization of the following liquefied gases: Ammonia, sulphurous an- 
hi'drtde, carbon dioxide, and methyl chloride, 

The liquefactiuii of these refrigerating agents may be attained (1) 
by means of n ctimpressioii pump (compreswinn machines); (2) by 
means of ii solvent such as water (absorption machines). In the 
compression machines, which are at present the most widely used in 
the refrigerating industry, the gas liquefied In the condenser or llque- 
ficr, passes by way of a regulating cock into the refrigerating ehatn* 
her or evaporator; there it is vaporized by a pump which draws out 
the vapor, compressfes it, and scncLs it to be liquefied again in the con¬ 
denser. In the absorption machines there b also a liquefier connected 
with a refrigeniting chamber by a stopcock. The compressor—the 
aspirating and force pump—isf replaced (n) partly hy an absorber 
in which (hr vapors f^m the refrigerator (in these machines as a 
matter of fact ammonia gas is used) are dissolved in water; {b) 
partly by n boiler where (he healed ammonia solution gives off am¬ 
monia gas. This is again condensed in the liquefier. 

The utilizoble effect of such a machine, or its refrigerating power, 
ismcasim^d by the quantity of tieut aiisorln-fj in the refrigerator dur¬ 
ing a certain period, or as is sometimes said, the quantity of cold de- 
i-eloped in the refrigerator during the same period. 

As il. Barrier has remarked, this power varies widely with the 
tcni^mliire of the refrigerating agent at the condenser and at the 
refrigerator. The specification of the* temperatures affords the 
only means of comparing with any exactitude the claims of machines 
made by different constructors, and the only means of avoiding diffi- 
citltics in commercial contracts ond exchanges. 

Furthermore, different countries adopt different units to eipres 
this refrigerating power. In France and Germanv they express the 
lefri^rntmg capacity by the number of kilogram-calories absorbed, 
or kilDgrnm-frigories (negative calories freed per hour). In Eng¬ 
land and in thr United States they prefer to measure the refrigerat- 
mg capaaty for a day of 34 hours and ejtpress it in totis of refrig¬ 
eration. bnt in England the refrigeration ton is equal to 81.300 
inlogram-frigories nhile the lefrigenitiun ton in the United States 
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(inly nmoiinUi to 73>fi00 kilogram'frigories. Laatly, inoreovor. in thts 
United States tlie eonstmetors and coiwtiUing engineers often eajires? 
the fooling capacity of tlie jnachines in gallon degrees per mitmte, 
the tenipcratiire of the n?frigerator being kept at —10 F. (—28*.3 C). 
Such n unit is eciual to 110,20 hour*frigortes^ 

It nnuld Iw- Tcry iieeful to adopt for tlie refrigeration capaoity, 
and for the different quantities which have to tie considered in the 
refrigeration industry, n p(.Tfectly coordinate sqh'stem of units like 
that usetl in the elect rici tv. 

M. Maurice I^hlanc has eiibniitted n very rarefiiily studied out 
report on this subject. Hut in view of the nppitsition of the Engiish- 
speuking delegates the question does not seeni to l.w fuUy settled, 
and Section II has pa-sswl the foilovring resolution: 

“Tiiat an internaliotiol scientific commission, comimsed of theo¬ 
retical and practical apecialist.? In the subject of low teinperatures, 
shall lie itppointefl to consider values, units, and notation suitable to 
the refrigerating industry, and slinll report at the nest Congress.’ 
It is to this ccHntiii6.Hion that the proposition of M. KanuiierliiigU 
Onnes lo give the name of Carnot to the unit of entropy has been 
referred. 

This same commission has lieen likewise eharged with the duty of 
fixing the tcinperaliii'es of condenser and refrigerator^ which shall be 
adopted so that the refrigeration cnparity of a machine may he 
defined. Section 11 lias only been able to lake the following resolu- 
tton on that subject : That the normal capacity of a refrigerating 
machine shall Iw defituxl by the number of thermal units it can pro¬ 
duce in »n hwir «t the given temperatures of the gas at cwridenscr and 
refrigerator, the choice of these ternperatones und thermal units to be 
left lo the dclemiiiuitioii of the internalioual conunissioii charged 
with the selection of unite. 

As a eorollnry to these resolutions it is likewise desirable to unify 
the nietbods of testing refrigerating machines. For this reason 
the following resolution has also been adopted by flection II: That 
the question of simple, practical, and iinifortn metliods of testing 
refrigerating mnehines, based on tlie units defined by the interna¬ 
tional commission and applicable to the different types of machines 
and to dificreiit circumstance of installation, shall be madeu subject 
of study, tvilh B view to inter national agreement. 

C^ld’Storage rooms can be cooletl by different methods. In the 
abattoirs one of the most common mothods is to direct dry cold air 
into the presi^n ing rwuiis. Tliis nir is brought down to a* low tem¬ 
perature and sufiicientlr dried out either by passing over a cold 
saline solution (spray refrigerator) or by drcularion in contact 
with a coil acti^ as refrigerant (di^^ refrigerator). The choice of 
the tyiie of refrigerator, as M, Barrier has said, is a question of cir- 
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cunistanwfl. Eveo in tt€ ca«si? of m^nt preservation it makes n c3if- 
ference vhetbci' the nieat is fros!eiij that is to say^^ itoiiimiiafid, or 
wliether it is merely refrigerated (brought to a lemperature beiweeu 
zero and t ^ C .), when' it is more particularly subject to tlie action of 
liamifiil germs. It alscj makes a difference whether it is a military 
Ktoreiintise, where the tiseat is only taken out for immediate cousump- 
tioii ptid the refrigi*rating chambers are closed up to the time the food 
is rciiioved, or whether it is a t^onimcrcial storehouse, where the meat 
is taken in or brought out daily and is more or le^ exposed to the 
air. and uhere the frequent entries of the workmen carry in noxious 
gases anil impivriti^. In tills latter case the S]sray evaporator 
appears prefcralde on account of the piiriticaiion and aiicp^^is of the 
air of the chamben*^ In the fin^t casCt however^ the drv^ evaporator^ 
on account of its greater simplicity and the lowering of the cxjti- 
ceotration of the brine, pre^nt^ wnie i‘eal advantages. 

It IS not siafliciciit only to pivxliicc cold; the cold must be confer¬ 
va ted* Ftir this rciason the insulatlon from heat i^hniild be conoidere<l 
ft question of the first importance in ihe construction of ii cold store* 
The proper conaervaiion of the contents deman^ that the tempem- 
ttire of the storage dmmliers should tic as constant us possible. The 
question of iiLSulating matcTials^ therefore, has been a subject of 
particular ntteiition by the congress. 

A gofwl heat msii I ator should fulfill the following conditions: 

(1) It should la! El very i>f>or eonfliictor of heat* If a very thin 
layer of the iusuhitor is sufficient to obtain proper insiilntiom the result 
is iHith economy of sj>ace and CTOiiomy of the insiidating muterial. 

(2) It slionid have a low s]>ecSfic gravity. Thi^* eondition is impKir- 
taiit in iiisubtion instflllment iiUianl ?diip. its importunee is not le*^. 
however, in criM-storage warehnuBcs, hecause of the reduction of cost 
in tninsportjng it to the work and the txis^ibility of ecotToray in the 
cost of coiLslruction by tiiaktng pcunsible the construction of very 
lightly built buildings* 

(tl) Tlie insulator should be free From odor, and not subject to 
decomposition, even when moist* Tliis rufidition is nil iuiportant in 
Ihe const met ion of cokbsloragc houses liesigiUMl for the pres#^rvitLion 
of fmxbtuffs. Th^^e aliscwb very easily bad arisiug from the 

fenueiitfttion of insulating materitil and l>ecoiuc unfit for consump¬ 
tion- For this reason such snbstflncti*s as rice busks, cni straw, oat 
husks, or cork mixtures made with fermentable substances, such as 
caseiin slmuld l)e rcjwtedi 

(4) The insulating material shoiihl absorb ta as great a degree as 
possible the bad odors which arc set free in refrigerating chambers 
and lender them less harmful. From tlii$ point of view jjcat or turf 
sometimes is of great service. 

(fi) Tlie insulating material should not be hygroscopic. It should 
not aijsftjrli ami retain moktute, which is capable of causing it to lose 
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its j}oor conducting^ qualities. This is the case with tniiieral '*'ool. a 
sort of fibrous glass made out of the slag o f blast f« macca. 

(r>) When by reason of circumstances, such as the breaking of a 
\fntcr tube, etc., an insulating material is wet it should be able to dry 
out eflsilT and regain its property of poor conduction, 

(!) The iiisiilflting substances should not be iittmctiw to parasites, 
mice, rats, etc,, nor afford a good culture ground for microbes. 

(8) The insulation material rdiould be inoombnstiblR, or at len.st 
should not propagate comluiFiton starteil at any point of the mass. A 
(.-ertain number of cork mixtures possess this property; for example, 
the mixture of cork and pitch. M. Brull has shown to the congresh 
several different types of entirely fireproof cork mixtures. 

(fl) iVheu once placed in the packing which makes up the insu¬ 
lating mat, either iuaide or outside of the wall, the iiisidating ma¬ 
terial should not Bcttlc and tlius produiXS continuous voids In the 
insulation. The different wood carbons included under the terni 
rharroal nre liable to this disadi-atitage, when they are used without 
Eipcci^l preen ntions. 

(10) The iiisnnintenflls should not attack ihe wuodj iron*^ ti^r 
iiiasonrj' which tomes in contact with them. 

(11) The insulating materials should l>c very easy to work and 
to apply to the wallit of the s-lorajie chambers and ^hmUl ptissess ii 
rertain rijsistanre- to bending or rnishing, 

{ 12) The msuMion should not Ici&o its qualities with time. 

It is difficult ennugli to hnd an insulation ihjit couibiiies aU these 
qimliliis. Cork either in graniihir form or iigglomeraled. however, 
]s nt present the most employed- AL Pasqnay has informed the 
congress that silk waste protected by an impernriciible envelope forms 
an excellent itianlation. 

The knowledge of the eoefficient of comliirtign of insulators is of 
great iiuportauee with regard to the thieknei^z whirb the proleetiug 
linings musl be to bring down the lo^^i of cold within a certain limih 
nijTerent methods have lieen propt^cl for determining tliR In 
otiv of these, the twii face>i of a phite of the siibstonrc are maintaiTied 
runslantly at different temperatures and the quantity of heat passing 
through the plate in a certain time determined. This may lx? asv 
fumkdy meajsurM by weighing the amount of ice melted. This is 
the principle of the well-known physical method called the wall 
method. It may periiapi^ be remarked that tlimi^e who have used 
this method have nol taken preeaiitiotis against the lotis (jf heat lit 
the e<lg?E^ of the experimental plates. They have not made use of 
the methofi of using a guard ring in the form originated by AI. Bcrget, 
The other methods for measuring the condiictibility sire based on 
Forbes'' niethod. This consists of heating one of the extremities of 
a long slender bar of the materia] to be tested. WTien the aystem has 
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attaJDed an equilibrium the temperature is taken at different points 
along the bar, and by the formula of Fourrier the coefficient of con- 
durtibilitj" can be calculated, if that of emission is known. This 
iiittcr niRV be that of w coating or a verj* thin layer of iiietaL with 
which tlic bar has Iwrn previously provided. 

A variation of the Forbea method is that of llie sectional bar «f 
Lodge. This bar is composed of three sections^ the Jfii'v't and tlie 
third atx^ of a tnetaJ the conduetibility of which is knoTiTi. The 
:4eeond is made up of the material to be tested. The end the 6rst 
.section is heated and the progression of tetii[>eruturc when e^piilih- 
rluni is catabiished is measured* llie gerienil forauila for uni form 
nmvemeiit of heat in Jin elongated bar makes possible tlie calculation 
of the condticl ability of tfie luaterial (^imposing the secoml section. 

It is tikis Tiicthnd that .^1. Desvagne^ has used in determining the 
eondiictibiUty of several in^i^'ulatiiig snbstances. He has worked out 
the technique so lhal it can lie easily employed in the refrigerating 
induidry* 

Some of the rcsnlt^ iibtained by this luethocl ai-e as followfs: 


0 / ironflatlihilUjf. 


Cork ______ _ ___ 

GinnuaEiT eork-. __ ____ 

Cnrk n itli v«i8eaEi hln^ler_ .^ _ __^_ 

Curk wftii iHlorlcsffi pitch lilnUer _____ 

Cork with sodlonk irtUcate blader ___^ 

Cork aiUeO wllll lafufiorllil earth and cttlolnert_^__^ 


fnar 

itL4‘ Et^r-dt<ErH-h{?ur, 
I>, In 0. 014 

.<m 
.000 
.0^ 
. txrr 
. 0 ^ 


As M. Desavigues has remarked, it would perhaps be inipriident to 
tnkp these figures as a basis for the calculation of Joss in n cold-stor- 
flgp plant. Tbc specimens whidi wtre used in the tests were pietetl 
nrul ivrro perfectly dry. Tlie given coclficicuts should be increased 
not less ttiiin SO fier cent. In the application to (.lertaiii materials 
some account should be taken to the method of joining. Thus in a 
partition of cork bricks pointed by cement mortar, wliere the joints 
represent in very enreful work about 15 ]»r wnt of the total volume, 
the coefficient of conductibility of the brick itself, referred to the 
total surface of the partition, should bo ftlmort doubled. These con¬ 
siderations will show what a difficult questiou even the approidmate 
caleulatiou of the heating effect due to the walls of the refrigerator 
may be. The second section has withheld opinion on this question, 
therefore, and taken the following resolutions: 

(1) Tliat study and research shall be undertaken in the techtiica! 
schools and laboratories to determine, either by known apparatus or 
that which shall be subsequently devised, the specific constants of the 
differetit insulators which are practically util liable in tbo refriger¬ 
ating industry. 
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(2) Thai the characteristic properties *nd ctmstaDt^ to be deter- 
[Liined, account being taken in each case of the degree of htimidity« 
slmll lie the following: 

Tile density to Ije eniployecL 

The coefficient of conductibility. 

The resistance to Acs lire. 

The resistance to crushing. 

Hie power of cXfH'lling water. 

The power of ahf-iorhing odors. 

The irieonibustibility. 

These constants sliouhl Ih>! detcrtiiinctl under conditions of tein- 
peratun- and thicknerf^ of materiiil npplicahle to the refrigerating 
indiistry. 

(■V) lliat tlie second section shall call esjimal jittention to the study 
of the eomluetihility as a function of tcm[jeratnreT thickni^s* degree 
of humidity« and of other causes cajiahle of iiiflueuciiig the conducti- 
bility; for example* the slate of dlvisioii of the nmterial necessary to 
assure el fiei-tain insulation. 

(4) That the section requests that the International Bureau of the 
Hefrigeniiion Coiigresses^ the organizatjon of which has Iseen 
p)annc<h alia II constitute an intern lit ional aimmission irhargei] with 
taking up the study of methods of testing^ and cordinating^ with a 
view to estahlhihing methods and obtaining comparable rciiiii^ imy 
rescHrelies which are made^ in which otherwise the investigators 
would hiive their u-^nal latitude. 

(5) That it shall he of interest- to submit the question of the uni¬ 
form izatioii of such metliods to the next congness if the researches 
conccriieil are sufficiently advanced. 

Official iiistmclioii up to the present lime has tieeii somcnvliiit 
neglectful of tlie refrigerating itiduslry. Tho present-day develops 
ments of this industry renders more and more necessary* Uie educa¬ 
tion of engitieers who ate specialists in this line. For this reaBon the 
second section has also taken the fotlowdng resolutions: 

(1) Tliat theorclical and professional instruction^ applied to 
diffeiTnt prestiil-day phases of the industry of rcfrigetalicin and 
with a view to new applications^ Kliall be inaiignrated in tlie labora¬ 
tories and higher technical schools of all countries^ this counse of m- 
struction to be foUowcfl by iletailed practical sludy of important 
refrigerating establishiiicnts and rational experimentation with the 
machinery there used, under the direct ion of sjjccialmta, 

(2} That in order that the uecesaary scientific equipment and ex¬ 
perimental material and the coert of the experimeaits may be pro¬ 
vided for, this instruction should be subsidisfied by the government*, 
municipalities, chambers of commerce, industrial societies, agricul- 
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tutal syndicutes^ mid all inilivJdiiatly ur cullectively mtcresled 

10 thp refrigemtion industry. 

(3) TJiftt tbe gi^itcryl work and tbt' rt^ults of i\?wortrchc*s cnirrivd 
out in these hd>ciratories and srhools^ as well n$ tli<isc i>( a&socliiLion^ 
of engineer^ aiicl uiujiufai-Luivts who workiii^^ iu refrigeration^ 
should Ihs subndlLed lo the peniiaiiifot loterjiaUunal Ihiivau and co 
urdituiteti by il. In onkr that it iimy publish periodically a biblio¬ 
graphical iiideiCf mul may compare the results and derive all the use¬ 
ful iiidignitions and cc^urlitsiiuis po^^ihle from them for presentation 
to the next (^nlg^e^£^ of Hefrigeration for its examination. 

IIT. TIIK CH^NSEHVATIOS or f'ERlHUAPUE ARTnCLUS. 

Wr hjivr now found out how to pioiluce anti maintain a low tem¬ 
perature ill cold stores. It reiimins now to stud}- the inethixbi of 
construclion and use of the etdd storage r™>inK. and the rules per¬ 
mitting of the txinservation of different iiorts of iirlicles- These 
cjiicsLions have been the snhject «f numerous reports and discussions 
which it would luke too much time to digest here. I will, therefore, 
only indicate some of the most important concliiHions on these 
questions. 

The cold air of rooms in a cold storage house should circulate as 
littk as possible from one diambcr to another^ in order that the 
odors of certain ]jresorved products may not affect otiicrs. In par¬ 
ticular, if the refrigeration of tlie cold store is artrotiiplisIieJ by 
means of air ccK>lcrs it is absolutely necessary to have a special air 
cooler for each series of cliamhcra designed to contain n liartlcubir 
product. 

Thc‘ art ides to be ]*rei?erved should not pa^ suddenly from the 
ordinary temperature t<i tJjc tciiipcralure of the stotiigc rooms, or 
vice versa; in oilier words^ the refrigeration should be progressive- 
Tims, in abattoirs the warm meat coming from the slaughter rooms 
is transported by meaiLS^f an overheat] rail into u cold anterooin 
kept at.a temperature of 7® to 8® C. There it undergoes for about 
twenty-four hours u preliminaiy cooling, at the termination of which 
it h carried iiilo the rfioms w here the air is mamtaiiicd at a temi>era- 
lure of to 4" C and a huiuidity lower than 75 per cent. Salting 
anil treatment of tlie intestinra, the hides, etc., should be carried on 
in rociiiis entirely separate from those mentioned above^ which should 
l>e confined s«>lely to the preservation of fresh meat, 

1 he question of the preservation of horticiiUiiral proditcb^ is one 
of the tiioftt difficult in the application of cold to food stuffs. The 
prt»siTVatinn of apples and pears baa liecn studied in detail in thft 
l.'nitrd States l>y Mr^ fr. H. Powell- He has placed results before 
the congress whidi dctuonstniie with the greatest dearue^ the effect 
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of placing in tlie refrigerating chamber freshly picked fruits in 
comparison mXh those that have licen exposed to the air several days 
after picking. It is necffisary to place the sound fruit in the cold 
fruit chamber soon after it is gathered. Other cirenmstances 
infltience its keeping qualities. It is much better if the fruit comes 
from older iree?Y; it al^i appears that sandy soils are nut favorable 
to prej^rvatidn. 

Fruits with a thick skin keep much iieltcr than those witJi an castilj 
ruptured coverings The i^eacb, in particukrT is one of tlic most 
difiicnlt of frtiits to preserve, if. l^oiBOaUj jiorticiilLuFali«ft at Mont- 
reuil, however, has succeeded in keeping this delicate fruit more tbaii 
a month. AccorJiiig to him, it ia es|>echijly necessary to maintain 
the temperature as cemsiant as possible, varving not more tJmii from 
0* to 1* C. 

Among the recent applications of low temix^ratnres whicii liavo 
been pointed out may be menlioiied the use of nrtiBcial cold in the 
manufacture of paraffin and viscose. 

t^rude petroleum generally coiitains fttuu 5 to t> per cent of paraf¬ 
fin in solution. To obtain this paraffin, the ]>etroleum distilled 
until it contains from 10 to 25 per cent of pnrafTuu Tlien l>y lower¬ 
ing the temperature of this liquid (paraffin oil) lo n degree which 
varies according to the quality from -|-1G® to —13® C--, paraffin k 
obtained which Eeporates from the oil in the form of crystals which 
can lie separated frem the oil by filtration under pressure. The ap¬ 
plication of refrigerating machines to this purpose makes iio^sibb 
the treatment at one time of large quantities of petroleum^ As an 
example the works of Parduhitz in ^hernia are equipped with rna- 
chines of a enpacity of a million frigoHcs, and produce aiimially 
about four million (kilograms) of paraffin. 

Tlie artificial silk colled viscoise is made by drawing through very 
fine openings a thick solution of collulfi^ obtained with slkaline ii^r 
sulpho-alkalihe sohents (caustic soda and carbon disulphide). To 
accomplish this successfully the solution must be allowed to t^tand 
in vessels cooled artificially to +2® C* for a month or two before 
spinning. The solution is then sufficiently pure to tie dc^cunted and 
spun with success. 


|V+ TaANSrORTATION WITH a^mlIaEBAT10^^ 

The question of transportation of products under refrigerating 
conditions is one which has imly been a subject of careful corv^idera- 
tion by transportation companies both on land and i^ea. 

The refrigerator cars or trains are of several types. 

(1) The refrigerator train, Hsnsisting of a group of cars, one of 
which has no capacity for storage, but contains a complete refrigera- 
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doJi pknt whicih twis the other cars, with wbIcJi it ii connected bj 
stjUnble piping. 

The mipos^billty of breaking up such a train by uncoupling the 
rar^ from each other limits the practical application of thi«5e trains^ 
lioweverj ejtcept in a few instancesL This system ^vsm experimented 
with in ll'05'in the trnusportntion of Rnsaian butter from Siberia 
(from Kourgane to Riga at n mean of 15 to 10 kilometers per 

honrjft The cost of the refrigerallonj the temperature of the butter 
l^eing maintained at a mean of C\^ was m high asOJ IT franc j>er 
kilogram of butter per day. exclusive of the cftflt of the refrigerator 
plant. 

In this category must be clnssified the Russian refrigerator car 
Ilf the Silitch s^'s^tenii Ft b moiinted on four sets of wheels on l>ogy 
trucks and is of the following dimensions: Ijength, 8 meters; widths 
3 meters; lielghL 2.G5 meters; capacity^ 120 cubic meters* It ii? 
diAuded into six compartments. Two in the center contain thn re¬ 
frigerating apparatus Avhile the other four may be charged with 
goods to l>e refrigerated* 

(2) The lack of elasticity of the refi igerator tniins has been reme¬ 
died by the use of iv:^frigerator or insulated cars. The operation of 
these cars ncce^ltat^^ at the star ting point* an insulation composed 
of n refrigerating machine and an apparatus which forces a blast of 
cold air into the body of the car l)eforc and after charging. When 
the interior temperature of the car bus been reduced to the I'etjuisite 
degree, the cold air is shut off and the car hennetit^lly sealed. In 
Springfield, Mo*t there is an installation of this kind capable of 
coding 40 cars of bananas at once time to 15"' C- 

To this type of cars may be compared those where the Ioav tempera¬ 
ture is obtained by the previous cooling of brine contained in coils 
about the roof or walls of tjie cun The thenno^regiiktor car of the 
Maksoutoff system belongs to this type* The saline solution, which 
cools the air to about 5*^ Cij must be cooled every two days, necessi¬ 
tating refrigerating stations eveiy five or six hundred kitomcteis* 

(3) Besides the tributary cars of the refingeralor trains and those 
depending on an installation al the jKiint of departure^ there are the 
self-cooling cars; that h to say^ cars themselves containing cold- 
produdng agent^^* These are the most uniTersally used, both in 
Europe and America. 

These may be divided into two great cl assess: Cars cooled by ice and 
catft cooled by evaporation of a liquefied ga^. 

In the ice-cooled cars the tow temperature is obtained by mean& of 
ice disposed in compartments along the roof, a$ exemplified in the 
ears of the Soci^t^des Magasinset Transports frigoriliquesde France, 
or along the walls of the car, as exemplified in the American cars and 
cirs of the Moscow ^Kaaan Railroad. The plan of dosing the body 
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at the car completely from the i>iitHUIe air has been generally ^bau- 
doiipci, Tlie ice-eodled curs i^ow in use are tisually provided with on 
arrurigeinenti which draws in air frum Uie iniU^ide and sends it., after 
cnuliri^ it by contact wiili the ice^ ttj renew the air in the car. The 
free space ifiuainiug fc^r llie <Iis[Hftiitioti of the tiiereliandise is eboul 
W to 40 cubic feet, allowin^r tin* introduettou of a load i>f from 6 to 10 
tons, according to the nature of the products^. By an ice consumption 
fif ail average of 400 kilogjuniM per day a tempeiiiture varying Iptween 
8® and 4^ C. hi obtained. The degree of humidity is high^ however. 

The oars cooled by evaporution of n lirpiid gas (in this luii- 
inonia) eiiriy on the out.^idc two eyliiidritTiI tanks of Jicinid uiuiiiDnia, 
Tlds fluitl is sent by regnhitiiig cocks into t^dls phiml tit the two ends 
of the car on the iin^ide. The nmtiionia ein]Hiriites and phsfirbs heat, 
the ninmoiiia goB ]oimineet] dissolving in water in a tank placed iimler 
the car. One car of this varkny was e.iper1rnente<l with In liK)5 in 
the tninsix>rtatioii of butter fiotn Sil^eria, The cost of refrigenition 
for butter mnintained nl a teni|iciaLiirc of from 4® to 5*^ C* was as 
high as 0,008 franc [>er kilogram of but ter per day^ 

In the iciMXK>lGd ciira of varioii.s tyjifea esc peri niented with by the 
same Biissian commission the total cosut of refrigeration, inchtding all 
(iqe coiisumplicni unit charging, installation of ice houses, 
and opera Lion of cars)^ amounted to 0.000 francs ^icr kUogriim of 
butter. 

As die short summary I have juFt made ediowsi the Fim Inter¬ 
national Congress of Kcfrigenitioh has examined with care mo«t of 
the scientific and ti^dinical prijbleiiis which exist in the refrigcriiting 
industry. If it has fiidvetl miy of these problems it has indicated in 
the form of resolutions u very great iiumlier of others w hich up to 
the ]ireseiit have loi^n only incoiiitiletcly w orkod out, Tlie next inter- 
jjatioiiiil congress, which will be held in Vietinn in 1010, will not be 
inferior to that at I^aris. niiil will bring us^ lei it la* hojicd, in the 
jk lentifio phase, to some accurate knowledge of ihe proix-^rtiesof kalles 
fit low tempers 1 1 ires, and in the indiistriol phase to a uidfornutv «f 
iinit^ of measure luid methmls of testing machines and insulating 
materiid. 


THE NITROllEX QUESTION FROM THE MILITAKY 
STANDPOINT.* 


tly I'llAIUJUC K. ML'KHOE, 

f'TXtf^tt*ur iif The iUurf/e UnUn^rmiy. 


The? invent ion of giinpowiler nifonled tnjiTi n in^ans of iiiiLissiiig 
the f}mrgy of elieniicul Kcjmnition in jmjpul^on and of 

more* vOaciLUlly applying this form of ^iivitgy in mining and quarry* 
ing. Tlu'ough the disco very or iiiveiitioii of nirrc uric fulmiinitej 
the cdhdcKe nitrates, the glyceryl nitmtes, the iiiiro^su1>stitiition 
coni[X)unda, and the various explosive comp^>s^itions made from these 
nitrntes mid nitro-comiMiundii, mail wai> enabled also to utilisso the 
energy stored up iti iuistuble molecales. History Ljidieates that Ute 
invention of giin[XJw‘der was made where snltijeter, which is its chief 
ingredient, was natumlly most abundant and must easily d>taitied 3 
but that, owning to the great value of gunpowder to man. its use and 
manufacture spread to the cooler and nioie humid countries^ and 
it is in thiRse countries that it and the other explosives enumerated 
have come to la? nioftt extensively used. Stalistit:s are not at ha in I 
by w'hich to show lUe increase in the use of powder throughout the 
world, but some relative Idea of thia growth in recrent years may 
gairie<l from Table w'hidi forth the qiiuiitity, or value, ur 
Iwth, of the gunpowder, including, Hincc 1S€0. blasting powder aL=o. 
producetl in the United titatea in each census year Ix^ginning with 
1640. 

The statistics for the world's production of the modem explosives 
are also not accessible, but an item contributing teward the assem* 
bling of this valuable iiifoniiatioii i\?gufding the wtwld^s progress 
w'as given for dynamite as sold from ihe several factories wllh which 
Alfn*d Noliel, Uie inTCJilor of dynamite, w^os associated, thuugh as 
Uicre were, during the period covered, indiq>eiideiit factories in 
Germany, in Anierica, and probably in other coirntries, these figures, 
as set forth in Table "i, give only a reialive idea of the growtli of 
this industry. 

• Rcfirliitod by i^rmlesloa freca I'ntt-etl States Naval Inwlltuie Proceedta^ 
vab STs, X<?. t'upvrlglit^ by PhUIjs XL Alger, Bccretary uhU trftaauter, 
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The most cotnpSete und deti^ilod figures relative to the produc¬ 
tion of explosives to be found anywhere are those presented in the 
reports on the cetiifus of mamif act urea of the United States for IfiOO 
utul 1905, which are as follows^ tiie gunpowder and blasting powder, 
W'bich were combined in Table 1, being presented separately in 
Table 5* 

It is an interesting and important fact thni, as with gunpowder 
so with all of the otlier explosives enumerated^ a nitrogexi-containing 
compound is einployed in the manufacture of each and nitrogen re¬ 
mains as ii component or constituent of each product. Tlie quantity 
of nitrogen in one hundred parts of these explosives, together with 
itfl equivalent in real nitric acid and in sodium nitrate* is shown* 
together with other data relative to these explosives, in the following 
table: 


4.—'/*er of titliroffon in (ftp mor^ iojportant 
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In rnleulating the data for Table t the gunpowder ia assumed tfi 
be composed of KN^O^, TA per cent; C, 15 per cent; S, 10 per cent; 
and the blusting powder of NaXO„ Tl per cent; C. 16 per cent; S, 10 
per cent; bui vAriations from these compositions will be found in 
practice. However, it is IwUeved that they represent very ciosely 
the averages of all cnmmercial compuaitions so styled. Althnugii 
a most important explosive, dytinmite la omitted fmm the table be¬ 
cause the wide variations in the character and quantities of the corO'' 
ponents of this mixture as it occurs in commerce render it impossible 
to properly represent it by an average formula, though it is usually 
admitted that on the average dynamite contaJus 40 per ceut of nitro- 
glycerol. The wide variation in nitrogen contents occurs in the dope 
or absorbent, which may contain from no nitrogcn-CDiitainiug com- 
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Ijoiient whatever, nn in the kie^lguhr dyoaniites, to ttl> per cent 
of sodium nitrate in straight wood-pulp'dynamites; and thifi last 
iiiaterial may be partly or wholly replai^ by anitRoniuiu or potas- 
Kiutii or I ellnlose nitrutef! in otiicr dopes nnci compos it Heenii&e 

of a similar wide vurhitiou in Ibcir {.‘oinponenls the rnm posh ions 
made from pic ric acid, its salts, and other nitro^iibstitntion com¬ 
pounds arc also omitted. Notwithstanding these oniksion^, it is U'- 
licved that the data set forth in the table may prove tmcful in the 
development and rhcrkiug of tlie statistics of ni a mi far tore. But. 
Tinfortiiiiatelr. owing to the different injiiiiiers in which the nitmoen 
moms arc groitijcd, as iTgards the other atoms, in the molet'iilerof 
the different kinds of cAplosives, no dirwt rchttion is to 1 h‘ oliscrved 
lictween the properties and heimvior of these diffi-rent laidics and the 
peft;ent«ges of nitrogen they coiitfliiij and this want of relation he- 
comes the more marked the larger the number of different nilrogen- 
containing sulistancf* that we consider. TVliat, however, is empha¬ 
sised by tilts pre^-iitntbii of data, h that llic element nitrogen is ii 
characteristic and important component of all explosives that have 
U‘m accepted and used for loilitniy purpijse.s. 

rmin the time of the invention of gunpowder until the middle 
of (he last, century the only recognized available source of (his nitro¬ 
gen was Intiia saltpeter, which Is the [Htiassinni nitrate, und whtrh 
ivBs obtained from the niter found or fornicil in soil or rocks. I’he 
prtxluction of nitrates in the soil or rocks is brought idmut usnallv 
throogh the agency of nitrifying liiicteria. In order that the prot«e^s 
of nitrification may go on there is reqniretl n siippli- of nilrngeiious 
organic matter, a slightly a I kali tie medium, a teiii[>eratiire range be¬ 
tween definite limits, a limited amount of HKiisturLMi supply of oxygen 
or air, complete or semi darkness, and the presence of the nltrifv- 
ing organisms. The iiitrilicatiDii proceeds most rapidlv ui 100“ 1' 
and within a few inches of the surface of soil or rock wliich is well 
aemted and mmiej-ately moist. When ]mtash salts are present in 
sufficient t|ijnnTity the jmtassium nitrate Ls |uxh|iicciI. bm the native 
niter iisimlly consists largely of culcimu nitrate with some iniignesiiim 
nitrate and otiicr salts. All of these iiKratt^ are rendilv soluble In 
water and may theneftav. after formation, lie to a gren extent washed 
away l.y fm|,ient rainfiills, hut where tliere is only a mofli ialc 
amount of water inxsenl the solution may he brought (o the surfare 
by capil arity, and as the water cvriporuies the nitiiites will be left 
as an efllorcscence on tlm surface of ihe soil or rock. It is evident, 
therefore, that acctmiuhilions of niter will !«■ in those locali- 

11 ^ where not only the lurst exmditions for its production obtain, hnt 
where also it is lea,t likely to be washed aw«v after being formed 
The native sources of supply are therefore found as cfflore^nce^ on 
the soil in sicmiarid cDumrics, jo limestone caverns, where the remains 
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and rets of bat-s are chief stMirce of the organic; [liatter^ and 
about a^ldble-^ 

Stnc^e ilia amount of niter proeiirablo fnsm th^ sources was lim* * 
itQi] it liecuHie necessaryj as the Joniiind for saltpeter increased, to 
resort to alber s<iiirce*^ of t^upply, a ml rimseqncntly niter plantations 
were eslnblLsliefl in many countries wliere^ following the principles , 
set forth alxH'r* llie niter %vas formed and pmtectefl frtmi the weather. 
Dcsnrtiaiijr" describes in detail the siiltpetor plantations of Hiifipary, 
Switswriand, I'nirice^ and ^Sweden* Such farms have hern carried 
on in this country, esjwciaUy in ihn Souihem. States during the civil 
ivar, and the means resorted 10 by Jolin Harrolson, of Sehtia, Aln- 
bamiu to j^ecure the ueresj^^ary fiilrogenmis orgiinic matter for these 
farms biKrame parlicnlarly widely kiiowin In einergeiiries, as in 
Sweden III ITriO^ the enilh of cemeteries liaa lieen lixivjatetl lo obtain 
niter* and in tljLs 1 airl-mentioned cfuiiitry a tax was Imposed m 1IM2 
which had lo l>e paid in stilt[>ctGr+* 

About 1621 tlie isatunilist Mariano de Itivero found on the Pacific 
coajrt of South America, irr the proviiu'e of Tarapaca, immense dc- 
(x^sits of sodinrii nitrate.'’ As this wall had prior to this been known 
only as a Inljonitorj* product, the dis<:u%^ery was of marked scientific 
interest* wbirb Iwiciiiuc an et^tuiomic one when^ in 1830, I he material 
was mined for exportation and S;i4S tons were shipiied in Ihat year. 
Investigation has slmwn that Lhi.^ deptsit estenchi for some 450 miles 
north ajid^joulh in thearj<I plains which lie lictween (he we-stem h1o[>c 
of the Andes Mountains iiiui ihc conylal range on the Pacilie, at alti- 
of from 3^600 to iSjOtKl feel and at distances of from 15 to 93 
miles from the sein The exploitation of this depisit has been pushed 
to such an extent that bi the yea rending Deccniber 31* 1908. there were 
shi[i]i«Hl from llie varimis Hoiilli Ameriiain ports contiguous to this 
fieltl l^i>l>3,0{Xl tolls of the nitriite of ^^ikIiIh, imd liecaua^ of the e.xpoi i 
taxes levii^ upon this mati-riEiJ and the payments required fi*r I'on- 
cesiions to operate in tliis desert irnct. this indiiiUry has Ijecu and 
ft till is II rich source of revenue to the Chilean (roveniment. The 
extent to wliidi this industry has gr£nvii nod its i 4 Ue at gjvovlli arc 
clearly forth in the following table [ire|)ared by P. V. ^A^rgarit,'* 
collector of customs at the port of ValparaisjO: 

^TraLt^^ »ar la ptJuUre. If* roiw eiploilfB ft la nyroltHihnlc, vol. L 01*' 15-JlT, 
187S. 

*nif ManufACture nif ExpIcfilveA, <K fJattraaan^ voL J, |k, 24. 1^5. 

ffptSarljilfrt and Practice of .^parEcultnral Aiaii^HiP, H. w, Wjlpj, toK i, p lO, 

^ XfoLittklj niilletLii Zuten'iinikiaal Bureau of ^Vaierlcao ItcpueiLc^ N-oveajlHiT, 
itWi. 11. 
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Table C.—fciffupn nffrore ejrporteil from ChHf, ISiO-iHOS, 
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rh IB •materia] was not only cheap and relatively abundant, but, 
as previouBly shown,* the richest known source of oxygen for use 
in esploaives. It ia not surpHsing'. therefore, that its use for tliia 
purpose has rapidly grown. Kitrate of soda ivas first used in blast* 
ing powder in ajid a patent for such a powder waa issued to 

La ^lotte Dupont in 18ST. During the census year 1905 there was 
producetl in the United States 205,436,200 pounds of blasting powder, 
most of which was nitrate of soda powder, and large qumitilies 
of this powder were manufacttired and ooosumed in Chile and other 
countries. 

As nitrate of soda b quite ddlqucgcent it Is not suitable for direct 
use in the coiiipoiinding of gunpowder, but early after becoming 
available in commerce it was made a source of manu fact lire of soU- 
peter. It was during the Crimean war {18.54-55) that this iiuliistiy 
was established in Germany, the sorlium nitrate being cod verted into 
potassium nitrate by means of potassium carbonate obtained from 
the residues of sugar beets, and tins assisted in the promotion of the 
beebruot sugar industiy which Germany was seeking to foster. 

Singularly, about this time the now famous deposit of potassiunj 
sHltfi WHS discovered at Stassfurt, Germany. This town was noted 
for Its salt works in the beginning of the nineteenth century, the 
inipply being the natural briue from driven salt wells. 

ith the utilization of rock-salt dcjxisits in various localities, the 
price of suit was reduced to tnich a point that tho Stassfurt works 
ceased to yield their former large revenue to the Prussian Govern¬ 
ment, and, with a view of making them again valuable, the Govern¬ 
ment began boring for rock salt in this locality in 1839. In 1857 
a shaft, which began in 1852, reached, at a depth of 1.080 feet, a 
.stratum of rex?k anh, but in doing so it passed through a heavy 
depoeil of so-called “Abreiim-salze ” or refuse salts, which were 
then coiiBidered worthies. The “Abraum-sabe ■’ were found to ooti- 
PiBt largely of the mmertJs carnailite, which b a magnesiiim- 
potaasinm chloride; sylvite. which is potasasium chloride; and kainite. 

" Lectures cn CJiHnlstfy *nd Erpicwivea, p. a J8SS, bj CJiarlw E. Ituaree! 
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which is A mixture of caruailite and magnesium chloride, and these 
refuse salts are to-day the chief source of the world's supply of 
potashes and potassium salts. }fumerona uses have been found for 
them, not the least interesting of which is the production of Kalt- 
jjeter from the metftthesis of the Chile nitrate wUh the Staicifiirt 
^'Ivite or crtnialUte. In the United States alone there were pro- 
duced I4,4li8,()00 pounds of [wtOiijJum nitrate by tliis means during the 
ccnsTis vear 1905, and this operation has been conducted here for many 
yeats. " ll is such means that llie Chile deposits have been made to 
render the saltpeter ojjsential for use in sporting and militar}' powders. 

It has already been sliown that the manufacture of dynamite 
ctmsumes large quantities of nitrate of soda, and it lias liecn also 
shown that the iiUHlern explosives, pyroxylin, guncotton, picric 
acid, and nitroglycerol, retiuirc for their maunfactnre a larger 
quantity of sodium nitrate, or of any other nitrate, as a source of 
the required tiilrogeu, than gunpowder docs, wdiLIe inercurie ful¬ 
minate requires nearly as much. It may, therefore, be sirfely asserted 
that but for the discovorj' and exploitation of the nitrate fields of 
Chile the explosives industiy, as it is known to-day, would have been 
imixfssiblc, «nd the developments in mining and transjsortation which 
have characterized the last half century could not have bceu made. 
That is, the condition of civilization amid which we now live could 
not have been altained. 

Yet tlur explosives indiistiy' U but one of several in which nitrate 
of soda is used. Flic relative quantities used in various countries 
differ. ITnfortunately no detailed and accurate statistics can he had 
except for the United States. Omtlting tlw minor industries of 
enameling, fiuxing in rnclalliirgy, pickling of meats and fish, and 
the manufacture of sutmrdiuate chemicals in which approximately 
iJ3,b2t> short tons were used during the census year 1^00, and 
short tons in 1905. the quantities ecMiHuuicd in various industries 'were 
us folloW'JiJ* 
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It thus appears that of tha total available supply of nitrate of soda 
in the United States but 42.fi0 per cent iras used at the cen&ius of 
1900, and 41.22 per cent at the census of 1905, in explosives factorica, 
and of this a notable portion was used in the mannfactiire of salt¬ 
peter which was sold for otlier us^ in the art^. ItVliile all the indus¬ 
tries enumerated show a growing: demand, the largest increase in any 
single industry is found in the fertiliser industry, where 22,695 tons, 
or 116.2 per cent, more of nitrate were used at the census of 1005 than 
\rere used at that of 1900. 

While no detailed statement of the consumption of nitrate of 
soda elsewhere is available, there is issued Remianmially by W. 
Montgomery & Co. (Limited), of 63i hlavk Lane, Ijondon, a statement 
of the total shipments, eousumption, stocks, and prices of this article 
during a considerable period, and the foUnwing data are derived 
from their circular statement for December 31, 1908: 
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'The cirnalftf of MDbijtddjrn' h Co- for Jeiei^ 30, 1010, (rtto* iho fiMflfed Opurtfi fur IWSS 
u fallows [ Uoltwl KSusdomp mfWJO; CvuUuditit of Eur»|»i l,233,<MXli: ITtlltrrf Statcflr 
3110,000; ptt^r cuunErli’B, D&^OOO; tetBl, l,7CKI,iXiO tOBt Krom thli tlaJa the perccbtimc 
Of Ibt lutnl ^Eumpptlab f&r Uie UiiiltrO Htmfn li 1B,DI. 

From this it appears that of the total consumption of the year 
but 17.8 per cent was eonsnmed in the United States. Analysing 
the statement for the previous eight years, it appears that of the 
total that consumed in the United States was, in 1900, 12,6 jier cent; 
1901, 14.1 per cent: 1002, 16.9 per cent; 1003, 18.76 per cent; 1004, 
19 per cent; 1905, 19,9 per cent; 1006, 21,7 i>er cent; 1907, 21.1 per 
cent; so that there was i\ steady increase in the proportion of the 
total consumed in the United States up to 1906, but that for the next 
two years tliere was a drop such that in 1908 cuir proportionate con- 
smnption was less than for any year since 1902, 

It is commonly understood that a much larger percentage of the 
Chilean nitrate is used in agriculture in Europe than is us^ in this 
industry in the United States, and that the proportion b steadily 
increasing. This use of nitrogenous fertilisers b in conformity 
with the teaching of Baron von Liebig, whose views have become 
gradually disseminated among the farmers. A marked impetus 
was given to this use of the Chilean nitrate by the remarkable 



















xm XlTftOGEX QTJE5TT0|I~MT;XR0E. 


233 


addr^ mfido by Sir William Crookes before the British Associa¬ 
tion for the Advancement of Science in IB^S, when, in dealing with 
the problem of mectitig the rapidly increasing demand for food^ 
he pointed out that while the average yield of wheat was but 12.7 
bushels per acre it had been demonstrated that the yield could \m 
inrreiiscd to 20 bsialids by the use of U hundredweight of nitrate 
of ^]a oti each acre annuall\% 

This incrensing use, however, tends to exhaust the supply. Crookes 
estimated that if the nitrate were u9d<] over the whole area under culti¬ 
vation at the rate he prupo^jed^ the Chilean deposits would be ex¬ 
hausted in four ycanf. Vergara “ estimated that at the rnte that the 
nitrate liudljc^cu fniiied niid exported liet^veeu 1340 and 1003» as shown 
in Table 5^, the Cliilean deposits w'ould be exhausted by Atljerl 

Hale, however, in a more recent review of the situation,^ ijuints out 
Ehat these estimates were based on the contents of the drjHisits then 
known iii the province of Tarapacflj and the e.xtent to which they 
could lie profitably Tvorkedj and states that deposits of such magnitude 
have ^inre l)ern dificovertKl in the provinces of Antofogasta and 
Atacmnn. and the proces^s of recovery of the nitrate from low-gmde 
ore (caliche) have been so improved thatt at a rate of consumption of 
5.000.000 Ions antiually, which he exl^ecb* will the nonml demand 
in a few yeans, lliere is enough nitrate in these deposits lo last three 
1iundre<l yearn. 

'rhis is n more encouraging outlook, but, nevertheless, from whut 
has luHnj KLiid it is evident that the world hag for long lici-n hug^^lv de¬ 
pendent on ihesc Chilean deposits for the greater part of its supply of 
nitiiite Jiml tJie substances ilcrived from it In time of prolonguil war, 
incase nitrate bus bemme coiitralaiud, most count rieLS have lieen obligcfl 
tu rei^rt to Ehe vicigejs policy of niter fannitig, or, as uur \jivy Dr- 
parimerit has done since 1803^ have accumulated in ndvanee coti^ider- 
able stones of niter, and thw conditinu would havff continued to hold 
but bir ]m[>i»rtiiiit advances recently made in the production of nitrate 
frouj aUnospheric iiitrogeEi, and through other developments in 
chemist r}V 

We have in we r almcw^pherc an abundant supply of llik elrnienb 11 
is eslimotcd that the nir over each acre of ground contains 33.880 
gross tons of nitrogen, li k, however, free, and to be available for 
use it must be cojiibinwL The met hock for effecting the fixation of 
thk nitrogen have proceeded along three lines: (1) The production 
of nitric acid aiul nitrates: (2) the prwiuction of cyanides ; and (3) 
the production of amids. and the first and last have now been brought 
to commercial success, 

■ Loc. rft 
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As^ enrlv us 1755 Priestly had noted that nitrogen coinpounda were 
formed when eleetrk sparks wens passed through air, and not long 
after Cnvcndiah produced saltpeter by absorbing nir, so treated, in 
caustic potnsli solution. Repented attempts have been ns ado since 
high pntcntiol currents hnve become readily available to utilisie this 
luethcHl and an cstaljlislimeiit was oiwtiHl at Niagara PnlLa.j by the 
Atmospheric Prnclucts Company, to operate the Bradley and lAJvejoy 
process. This mt^thod. for which a Unitccl States patent was gmnteil 
Septenilwr 3f), eonsisteil in producing in the air a flaming elec¬ 

tric are of minimmu vohune by llie rapid njtatiun of electriHlts? 
carrying high len.sion currents^ but while it idcldiN:l nllrio acid the 
n^etlical proved too cc^ly. 

A more successful devk?c was shortly after put into operation by 
Hirkehind and Eydc® at Noltralen, Norway^ and it has l)een iiioperii- 
tioii ever since* In this the flaming aroi produced by high tension 
currents were made to tiiove to ami fro through the air within the 
iippamtus by exposure to |>owerfui jiiagnctii* This apparatus was 
characterised liy a narrow chamljer through which the air was passed 
and within which die electrodes, placed near together, were arranged 
U-iween the poles of a strong magnet and at right angles to these 
]K)les^ A disk-sliapcd or iletleeted electric arc was thus ofitiiined 
perpemlicnlar to the lines of fom^ of the iiiagnelie fleUb Three 
(<urh furnaces at XoLtoden, using 500 kilowatts and 5,000 volts,, 
deflected arcs about 3 feet in diameter. The nitrogen oxides formed 
were c^uite dilute and they were carried to idisorptiDn towers where, 
l^y i.-onlacl with milk of lime* ealciuiu nitrate was fonnecK the product 
being eventually cm l verted into Imsic colciuiii nitrate for use as a 
fcrtiiiiwr, Acirocfling to Q. K* Witt.*^ with this appuratiiH an oiiliml 
of 50(1 to GOO kilos of nitric acid |.>er kilc^wutt year can be regularly 
maintained. 

A still Juore eOi^rient form of furnace is that devLfceil by Dr. Otto 
iscluH^nherr for tlie Railische AniHii und ^'caln Falirik. I'l'ciii his 
lecUinv delivers'^d June 11, 1110#^, Ijefore the Verein Ikuits^dier 
dieiiiiker at pJciir^ it ap[>ears I hat what is songhi in these t>i'^>ccssts 

to Imni the nilrogen with the oxygen of the idr. To acwiiiplisli 
ibis til any satisfactory degree the gases, must lie cxposcfl to n tein- 
pt^atiire of 3,000^^ C. and upward- To [ircveiiL tlic dwouiposition of 
the piwluct forincfl it must Im? iintiiediLhiely rcinoved to n ciailer 
region. This Birktdand und Eydc accomplish through Jiiuvliig the 
arc to and fro by the aid iif iiiiigTn'ts+ while Shoouherr elh^la it by 
imparting to his air a gj^ratorj^ motion alxiiil lib elongsiteil arc. 
His apparatus LuiL-^^ists of ii long iron uilie in which on arc 5 meters 

*T1ie Kleclroebemtffll Pmbteai nf itiL- Fljcattmi uf Nltriij^ieii, PblUlpia^ A. 

J. Sw- Cbt-m. IntL, '2^, lOOfi. 

^Cliemllcei: imSuHii-le, £S, ffOO. 3005, 
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in length, prQKlu™J by an alternating current, is nininiained con¬ 
stantly, the energy required being about <500 horsepower and the 
alternations being 50 per second* Air, which has been hen ted to 
500'" C. by the liut discharge of ga^^5S. ia blown langentiully into this 
ttiljc so tlnit it snrroiiiids the arc apirally in its passage tlmujgh Ihe 
lube. This prevriits the deflcclion of tlie nrc. peniiits of tlic iiraxi- 
iniiin exposure of the air to the heat from Uie ari% and protiiptly 
sweeps the heoted siiid reiicting air to the cooler jsortiriii of the iuIh- 
and }>eyon(L A 5f,0(>n borfei>nwer pi nut of this rlnt meter htiw lieen in 
lipemtiori nt Cliristiansond, Norway, since the autumn of 1907, and 
its success! has tx-en such that the building of si 120,000 horsepower 
plan! of this character has been unilei'lnken at Eukwan KuIIsh, Xor- 
^vay, I'he advantage claimed fur I Ids pr^x^es^^ is ttiat it given a gnHHl 
yield cif cemeeutrated gas. 

The third method for tlie Oxatlon of ntmospbevic nitrogen referred 
to above has Ixen bniught to u succesFful iraliiation by b^rank and 
t!^arn in their prudiictiou of calcium cyannniid mixed with carbon or 

iltne nitrogen,-' m nitmlirn,'' as it is mure m-ently called. Thi-i 
is prmluced^ by Inciting eulcium carbide in vertical iron morts in 
im iitiiu}Spliere of nitrogen, wheii the cakium cyanamiil, mixt'^i wUU 
cEirbotu is formed acconliiig tn the follow! lag equation: 

CaC,+N,-* CaCN.+C 

Tlie Jiitrogen is obtained by liquefying the air find separating its 
coiistiLiients by fractional diistlllatioin nr by pas.sitig Llic air uccr 
heated copper, by which tiie oxygen is removed ftvjm it and the nitro¬ 
gen separated. A plant with a capacity of neairly 4.tKH3 tons |ier 
year was started at ViHuo d’ Orta, Italy, in ItiCK), and with such siic- 
ce^ that the proibiction was carrietl in 1!>IJS to o^er dO.CKMj tons pev 
anniitii in Gve plunts, with others building. The material ns prn- 
diiciai k iiseil directly iiis a fertiliser, but h is a simple matter to 
iilitaiii ammonia from it mid by a contact process this may be directly 
cx>nverted into nitric acid. 

Yet another indirect source of supply of nitric acid and, there¬ 
fore, of saltjxier if found in the martufactiire of coke, for an ini- 
poiluiit product of tlie bj-prodoct coke industry h uinmoma, wrhich 
is obtained iisinitly nowadays as nmmoniutu sulphate. I have else¬ 
where shownthat 15*773 tons of ammonium sulphate w'en> pro¬ 
duced ill this ooijutry in 1905. But as oidy 3,317,585 tons of the 
37,370^51 tons of coal coked in the census year were coked in by¬ 
product ovens it wns possibli^ had all been so treated, to have ob- 

^ Eeport uu CiiiJctiiiu ryimaiulil, rCarlcB E. ^fuun:K>, VVihfiblcigtou. April SJT, 

^Bolleihi No, urj> Cetisaa of Manufaciim«, Ouke. p. 18, l>y (JIuirle? K. 
Muuioi.% 
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taitied 359,560 tons of ammonium sulphate, all of urbtdi if desired 
could have been converted into nitric acid for use in the manufacture 
of saltpeter or of any dsired variety of espt^^ive. 

From this account of recent chemical progress it is evident that 
it is possible to conduct a prolonged war without robbing the soil 
on wHch the people depend for food of its fertility, and further, 
that, notwithstanding the enormous and constantly increasing de¬ 
mand for nitrogen compounds in agriculture and manufacture, this 
rouutry has reached a potential degree of uidependencei as regards 
its supply of nitrogen compounds for military uses, such as it never 
before enjoyed, so that it needs hereafter to consider foreign sourcCii 
of Supply only from the economic standpoint. However, I desire to 
say regarding the plants for the fixation of nitrogen what 1 have 
repeatedly advised regarding plants for the manufacture of explo¬ 
sives, viz, that it is u wise policy for our Government to foster, and 
tj> a measure supervise, these manufacturing operations, and to look 
to it that plants for these purposes are so strategically located 
throughout the country as to be reasonably well protected fmni 
attack, so that they may serve tlie military i^ablishineJiL in case of 
foreign invasion fnmi any quarter or of intenial uprisings in any 
locality. 
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By Obuditd STasii 


Simon KcTS'comb was a unique figure in American seience** Per¬ 
haps no other great American dentist was so many Bided, tio others 
who approached hini in versatility^ stood at or so near the head in 
various departments of science. He was mathematician; celestial 
mechunicinn; lujlrgnomicnl observer^ computec^ ami statistician; 
fundamental star cataloguer; author of memoirs on the lunar theory, 
of planetary tables, of books on popular astronomy, of mathematical 
school and cmllege texts, of lxx>kson economics; novelist; president of 
a society for p^^hical research! 

Simon Kewcomb was born Marcdi 12, 1&35, in Wallace^ a village of 
Xova Scotia* but he was of Xcw England descents At the age of 17 
he went to Salem. Mns^chusetts* and later to ^^larylandj where he 
taught school for i^ovcral years. When 22 ho became assistant in the 
Xautical Almanac office* then located at Cambridge, Massachusetb;, 
and also a student in the Lawrence Scientific School, where he later 
graduated as bachelur of fscieuce. At the age of 25 he received an 
appointment as professor of mathematics^ tinited States Xavy, and 
\ms assigned to duty in the Xaval Ob^rvatory in Washington^ Six¬ 
teen years later he was placed in charge of the Nautical Almamc 
office, which had Ijcen removed to Washington, and of which he 
i^eutaincd director from 1B77 until 1S9T, when, having reached the age 
of 02, he was placed on the retired list* Tie continued to reside in 
Washington until he died, July 12, 1909. Upon the death of Pro- 
festior Winlock, in 1875, he was offered but declined the directorship 
of the Harvard Observatory, From 1SS4 to 19M to his duties in the 

-r Eciirtntetl by iicrtulntJoa from AstFopbyBlcal JoamuU voL 30. No. 3. OclcUieT, 

low, 

^Ttie portmft of Prof-essor Newcoiub* riyprcutnciHl bcreii-nb, ti frcm a 
irmpli made la 3SOT by Mr. A. D. Wyatt, uf BrettIcboru, Venuonh It thcrcfbta 
retircisetiti* Pri>ft“Si5t.st' Newcomb at tbn o^ 6^ in tbc year of biss refln?iiient 
from Dctlve »tTvk*o tu ttw? Navy Delia rtmeiiL-^EiiB. 
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Nfluiieal AlninnMc ofliee lie added tho^ of professor of rftfltliematics 
aiul astronomy the Johns Hopkins IJnirprsity and editor of the 
American Joiinial of iMathematics. In what follows no attempt will 
be made to give more than the briefest outline of the more importatit 
of bis astronomical activities. 

The first work that called attention to liis genina for research was 
carried out in Cambridge while he was an assistant in the Nautical 
Almanac office there. Tlie fiiiiil results were communicated in ISBO 
to the American Academy of Arts and Seleiices in a paper showing, 
among other things^ that £?o far as present theory could determine* 
the orbits of the asteroids hud never j^as&ed through imy common 
point of intersection. There was thus no evideiice Ihat these little 
planets were frugnients nf u larger planet wdudi had suffered ji 
cataclysm at some efKKcli in the dintant past^ as isiiggested by Olhers* 

In isB2 the S-inch tninsit circle of the Naval Oliservatory w'as 
received and placed in charge of Profesw^r New’comb., ivhfl proceedefl 
to observe the stars of the American Ephetneris and other miscel¬ 
laneous stars. During 18GB and 18GT the obci^ervilig progi'nmmc was 
so arranged that as far as pcK^ible ginuiw of stars were observeil 
iiljout twelve hours apart in order to determine the systeiuatic errors 
of the star places given in the Ephemeris^ a nil thus obtain results 
independent of previous oliservers. In the volume of Vt ashington 
fd»servations for 1870 Professor NewcomVi pnhiislied a memoir on the 
right ascensions df the equatorial fundamental stars and tlie correc¬ 
tions oeces 5 ®ry to reduce the right ascensions of ditTorent star catn- 
logm^s to a mean homogeneous system. In the first vnliinie of the 
Astronomical Papers of the Americftn Elphemeris, a tnagnifioent series 
of voliiTUi'S foiiiided by Professor Newcomb and iron tinned by him 
clnring his directorship of the Nautical Alin an ac office* lie published 
another fiimlamental catalogue* this time giving Imth right a^nsions 
and decimations, derivefi from all the data then available* as hail lieeii 
the catalogue previously mentioniNk And dnally^ in the eightIi vol¬ 
ume^ is given a iie%v detertninatiim of the preccsn-sioiial constant and a 
catalogue of ftmdametital stars for the epochs 1875 and llMXi* reduced 
to an absolute system. This catalogue contains no than l^59G 
stars and is a masterpiece of exhaustive research. The positions 
given ore likely to remain the standard for some time to come, prob- 
itbly at least until the o1:]®r\ations of Piazzi, Maskelyne* Be^^sel* and 
Pond have bet^n re-reduced. They have already bceii iotroduceil into 
the principal national ephenieridcs of the world. 

Professor New'comb at an early date Iwcame interested in the 
question of the sun’s parallax, and in 18G& published an investigation 
based upon all the data then available. Tiie result at once became 
ibe standard and so remained for many yeariL as a nienil^er 

of tho Tranait of Venus Commissionj he took an active part in pre- 
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paring for and directing the expeditions sent by tlift United States 
to various parts of the world to observe the tran^iits of Venus that 
occurred in 1874 and 1882. Still later he made a careful study of 
the transits of 1761 and obtaining results agret^ing well with 

tln^se obtainwi from more tiiodern observations. In connection with 
this in vest ignition, after examining the original recprtlsj he vindi¬ 
cated the honesty of the much-maligfied Father Ilclh who was one of 
the j^riiicipal oWrvcrs of the transit of 17C1 and was afterwards 
accused of “ cookinghis ohservations. The importance of the 
velocity of light as a means of determining the sun s distance caused 
him tiy licconiti intended in Michel styn's ex [>er ini ruts* and led hini to 
make j^iiiiiinr exjierlments himself. The acurracy secured far e\- 
i^et'ded Lhat of values previously obtained. Proft^ir Scwiauiibs 
discnssioiL of all the dcturminalioiis of styhir paniUax given in the 
supplement to the American Kpheinerb for 181^7 tiiay be considered 
tlie last Avord on tlie subject np to the present time^ 

In 186i> Professfir NcAvcomb pnblislied an investigation of llie 
orbit of Neptime, including tables of its motions. A similar treatise 
(m the niolions of UmmLes jmbiisJjed in 1873. Both of these 
nieiiiuirs appeared in the Smithsonian Contributions to Knowledge. 
Ifavitig thus lM?gun the jUiidy of the motions of the solar systciTU on 
taking chargt‘ of the Xuijtical Almanac oflice. he '’decmcil it advise 
able to devote all llie force wdiich he cmild spare to the Avnrk of de¬ 
riving im|7rovei] values of the fund a mental clementH and einlarfying 
them in new tables of celestial inotions,” TJiis gigantic purposes he 
JiA'cd to see c^inpleted so far as the major phttiels were concerneih 
As the orbits of Xeptime and Uranus w'cre the Jirst to receive !iLs 
c^>nsideratioiu so the tables of tlicsi* planets based np<m neAvly !■¥?- 
vised tbeorics were bis last contributioii to tin? Astronouiical PajM^rw 
before his retirement from the Nautical Almanac offiw. 

For tlie solution of llie prublem of thtdr motions the major planets 
were sepai^ted into three divisioiLs: (1) The four inner planets; 
(2) Jupiter and Saturn; (3) Uramis and Neptune, Eeserving for 
his own conaideratioti the four inner and the two outer planets, he 
usaigiied the orlyitw qf Jupiter and Saturn to Dr, G. W. Hill^^ stipu¬ 
lating merely that cure be taken to make tbe Avork of the latter homo- 
geneous Avitli the Avork on the other major [dancts: for instance, the 
* values of llie masses of Jupiter and Saturn to lie used Avere to be 
assigned by Professoi'' Newcomb- Ixi order to obtain an accaraio 
determinatiou of the mass of Jupiter* a careful study Avas made of 
the motions of the asteroid Polyhymnia* the eccentricity and major 
axis of whose orbit are so large that at times it approacbe^s so near 
to Jujyiter as to give rise to large pi'rturbaiiotis* 

As a supplement to Che American Epliemeris for 1S97. Professor 
Newcomb published a brief summary entitled ^'The Elenieuts of the 
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Fowr Inner Planets and the Fundamental Constants of Astronomy/^ 
All known meridian observations of the sun and of the planets 
Mercury, Venus, and Mars were reduced to a uniform equinojE and 
s^'stem of declinations and comparetl with Levcrrier's tables. A 
similar exhaustive comparison was made for the transits of Venus 
and Jlereury'* The refillLs of these comparisons were tlicn combined 
and upon iheni w*as based n new determination of the orbits qf the 
four inner planets^ ineluding u more accurate deterniinalion of the 
de^Hation of the oljservcd values of the inotiotis of the perihelion of 
Mercury and of the node of Venus from tbo values computed in 
iic<i:vrdauce with the law of ^rnvitaliou. It was found that the 
observed discrejumcies could bc^ actxjiinted for by assuming a ring 
of matter i v lug IkHwcpti the orbits of Mercury and Yen us* Professor 
Newcomb's conclusion wn^^ J^owever, for rcoEons which he gave, that 
we can not. in the present condition of knowledge, regard this by- 
pothesjs as more tlian a curhi^sity* 

It is true the discussion of theoretic luethods of celestial mechanics 
was carefully subordinated by I^rofessor Newcomb to the practical 
purposes kept steadily in view. Only in this w^ay was it possible to 
accomplish such monumental practical results. Nevertheless, hia 
w ork diti not c'fmsi-st merely in applying the methcxla of others to the 
determination of the actual tnotions of the planets laider considera¬ 
tion; his own contribution.s to pliinotary theory were important. In 
1ST4 hk paper On the Oeneral IfitegTals of Planetary Motion*^ 
appeared in the Smithsonian Contributions to Knowletlge. Ai^m- 
iiig that the differential equalioiu; of laotioii can lie satisfied approxi¬ 
mately by iiifiiiile ziieries containing only teniis of the forint 

cos (ff-j-A/) and 

where t k the tinier and e are arbitrary constant^ he showed 
that these series could l>e repiacetl by similar ones having a higher 
degree of appn>ximation, and thus the problem of three bodies could 
bo solved formally b}'' series containing no termis exr^ept of the given 
forun Poincur^ devoteti a large part of the second volume of * Les 
m^thodes nouvcUes de la m^anlque celeste ” to opplicatious of Lincl- 
sfedt s niethod* which he sliows is esssentially that of Newcomb just 
mentioned. 

Professor Newcomb’s re^icarches on the motions of the moon he* 
gan with a paper read before the American Association for the Ad- 
vancenient of Science at its meeting in 1SG8 and written to show that 
Oiere is no gowl reason to suppose that there is any want of coinci¬ 
dence between tlie center of figure and the center If grarity of the 
moon as maintained by Hansen. Next followed various papers call- 
mg flit tent ion to the extraordinary differences existing between the 
positions of the moon as given in Hanben*^s tables and os obtained 
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from the klest observations made at Greenwich and Washington. 
The elements used in Hansen^s tables were based on obEervations made 
between 1T50 and 1850* Having found that these tables failed to 
satisfy later observ^ationsj Newcomb compared them with all known 
observations made before 1750. This investigation was aided by a 
visit to the principal observatories of Europe which led to the dis¬ 
co very > especially in P&ris^ of numerous and valiiable unpublished 
ohsen ations of eclipses and occultations. Also* a large part of the 
published observations had not Ijnefore been used for determining the 
moon's place. The comparison when completed disclosed discrep¬ 
ancies that could Im? espJaiiiec! in two wayst (1) By supposing the 
discrepancies to l>c only apparent;, arising fron] inequalities in the 
iixial rotation of the earth; {2} by assuming empirically a eorrei tioii 
to Hanseifs ^ uhie of a term depending on tJie action of Venus and 
I living a period of two hundred and seventy-three years. Later, from 
the eshniistive study of the tnuisit-s of Mei^ury from 1^^7T to 1831, 
iilready refcrrcil to, it was ififeriv<l th&i the discrepancies lictw cen tlie 
oljserved and the <^uiiiputed i^sition^ of tlie moon could not lie ac¬ 
counted for on tlie nssiimptioii of inetjualiUes in the axial rotation of 
the earth, and that ijie!|ualities in the mot ion of the mocui not ac¬ 
counted for by the tlle^^^y of gravitation really exist/' The last work 
}>erfonued by Professor Newcomb* while his life was nearing its end;^ 
was 31 eomparisoij witli llaiLsen^s tables of all the oliservations of the 
moon to date^ mcide wdtii the aid of a grant from the Carnegie Insti- 
tiitioiu a result of which was the conhiTnation of the existence of devi¬ 
ations apparently not accounted for by the law of gravitation. Tlie 
larger part of these he found could be reduced to a single term, as 
previously suggested, but tlie existence of well-tiiarkeJ suialler out- 
Rlaiiding deviations of an apparently iriegular chameter was also 
clearly shown. 

While the comparisons of Hansoi/s tabli^ with observations is 
prol>aldy the permanent result of greatest value lluit Professor New¬ 
comb contributed to the study of the mooirs motion, laying as it does 
a finn foundation upon vrhich io base the determination of the numer¬ 
ical values of the coniitanU employed, whatever uictluicl may ulti¬ 
mately be adopted for the analytical discussion, nevertbelesSj as in 
the case of hhs study of plauetaiy theoty, his theoretical study of the 
lutinr problem would by itself Imve been sufficient to have secured 
for him u high and enduring place in the history of the subject His 
most important contribution to lunar theory related to the action of 
the planets on the moom His first memoir on this subject appeared! 
in Liouvilk'S Journal in 18T1. Afterward he published a rediseus^ 
sion of the problem in thu Astronomical Papers. Only a Mv years 
before death he took up the whole subject again nod publi^ied a 
final uiemoir in IWT under thv auspices of the Carnegie Im^tltutiou- 
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Among Profeissor Newcomb’s other mvestigationii may be men- 
tmned detenninations of the orbits of the satellites of Uranus and 
Neptune from observations made with the 26-)nch refractor of the 
Naval ObservfltotT, and his paper on Hyperion, explaining the 
remarkable retrograde motion of the line of apfiides of that satellite. 

Ifis Spherical Astroncuny and Tlie Stars are both in their way 
pioneers and will ultimately be ranked among the classics of astro¬ 
nomical literature. Tlie Stare, while essentially a statistical researrh 
on the structure of the univerec, is written in a simple and lucid style 
that gives it an interest to others besides astronomers. As a result of 
his remarkable power of discussing scientific subjects in n manner 
capable of compreheiision by the intelligent general render, his pop¬ 
ular works on astronomy are models of their kind and have the ud- 
ynntage that, lieing written hy n master of his subject, tlioy have an 
intrinsic and enduring value not posse&jed by most other works of 
that class. His ability as a jwpiilBr writer is ahw seen in his Reminis¬ 
cences. wheh is one of the most attractive aiitobiograpltios ever 
written. 

liecognition of tlie fact that Professor Newcomb was the leading 
astronomer of his time was shown by his election to honornry or 
eorrcsponditig memlierehip in all the great scientific societies of the 
world and by the nitmeroits medals, academic titles, and other dis- 
tinguished honors that were showered upon him. 
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The? scientific career of Janssen was passed far more in temporary 
observatories btiitt in remote parts of the globe and with equipments 
easily transportable than in bzc?d establishments provided with 
great instruments. Janssen was thus notably a missiomary of science 
always ready to devote himself to new efforts in the organisation 
and leading to success of some new e^epedition for science. This 
spirit of enterprise made him love those voyages where he was suh* 
tained with the knowledge that he was devoting liimseif completely 
to science rather than working quietly in his laboratory. 

The principal missionji undertaken by Janssen had for their objects 
the oliservution of phenomena oijservable only freun some limited 
portion of the earth or where he must find a viky favorable to liouie 
delicate ex|>eriinent. But in either casCf tlanssen curried on rosea relies 
whicii had the same gual^ ^ his work presents a remarkable unity; 
We might indeed say that all his studies were made u]ion the selec¬ 
tive utferorption for rndiation by gasc.*^ His devotion to this elaiss 
of researches was* determined by Kircholl and Biinsen^s discovery 
of absorption siiectra; indeed fhe firvjt Hpet?lroscnpic experiments of 
rluii-ssen date froin iShii, veiy' shortly after the German physicists liad 
published their results. 

Janssen studied the absorption for solar radiatioiu on the one hand, 
by the sarrtHinding envelopes of the sun itself, on the other^ by our 
own terrestrial ntmosplierc. It was while observing these gaseous 
envelopes of the Hiiii. which may lie seen only during the few short 
momenta of n total solar eclipse, that he accomplished the first part 
of this programme, and m undertaking his classic researehes on the 
telluric lines, the second* We will follow Janssen through his 
studies in these two groups of problems 

^Tranalmte^ by fiemlsslou ffOlD Aiiitioehyalcfil JoanialH ^ptemhrr, loas. 
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JanE;^B impatiently waited for the total solar eclipse of IBI5S, for 
it was to fnrnisb him the opportunity of studying for the first time 
with the spectroscope tlie^ solar eiiA^clope^ tn order to prepare him¬ 
self in some uiHuner for the observation of thb important phenome¬ 
non Janssen asked that he might be sent, in 1867, to Tmiii. in Italy. 

10 observe nn annuler eclipse of the snn^ His purpose for studying 
the gfjeetnim of the sun during the annular eclipse was to see if he 
could then detetrt any trace of absorption due to the s<d»r envelopes. 
But he found the spectnim of the annulus the same m thut from the 
centrat part of the sun^s disk. During this same eclipse he unsne- 
cessfiillj tried to see the corona. 

Blit the ecUpfiJc of 1868 had in store for him the honor of making 
a great discovery. We know that, after having seen in his spectm- 
scope the brilliant i-eys of the protuberances^, which appeared dnruig 
the totality, that he did not hestitate to affirm, with all the authority 
which his great experience in spectroscopy allowed], tiiat he would 
the able to see these same rays without an eclipse. On llie next day 
he had the joy of confirming his predictions* 

We know that Sir Noniian Lockyor made the same disco very 
independeully in England, m that the names of these Ivto scientists 
are sssociatc^i with this so fertile application of spectrum ttn.vlysis, 
JaniE^n appeared to realise from the very first day all the iniiiortanee 
of the discovery w'hidi he had jnxt made* Of this we find ihc proof 
ih a letter which he sent to his mother and in which hr t I read 
to-day fioiii a kiok which, until now, was clos<al Lo nil iiiul from 
which hut glimpses could Iw got during the few' short tiioments of 

11 total ft;lips¥.” 


Tlie oljtuincd fi-mii thf ecliiise of Ifitsft wern t™ aiilicinf; 

for Jnnssen to stop on the |3iilli which lip hmi just njn-net) for 
uttronomers. and tso In- liccidpd to (fo lo Al^^triii for the tot ill eclipse 
of Dweniber, 1S70. Efe wiw iinfortnnntdy [ircventecl frnm oljservitig 
this cclipsr on nci.‘iiiitit of had weather^ ljut it furriiehed I'eirmrkshle 
evidenw of his devotion to Lis work* A p parent I v imprisoned in 
Pnm by the sit^»o, .lunascn did not fenr to risk f'he tlmigers of a 
hfllltHin voyage iti ortier to break through the 11 lies of the eiiemv. 
This net of tour0ge did more to make him popiilur than his lieaiitV 
fill Uiseovery about the prominenocs pud, for the public which 
mliaed the real dangers of that time in daring ,, voyage through 
the air, this audacious way of escaping from the heleagnred capitBl 
pave « measure of the devotion to science of which Jansset/was 
capa > c. I nn^n retained from this serial trip, made under sunh 
pcnions conditions, a sincere love for aerial navigation, ilanv 
occasions came for proving hb interest in this science in giving to 
aerojiutits valuable counsel, in consenting to preside 


over various 
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aeroDftiitical mwlirig^, and in giving bountiful hogpitalitv* at 
don, to the Intcrnfttionci! Congress of Aerostation. 

In the year after the eelipse of 1870 there came another* visible this 
time in India and Jiivs. Jan&^n ivas careful not to lose this new 
opportunity for the examination of the solar envelopes. A careful 
study of the meteorological aspects of the various places where the 
eclipse might be visible mudo him adopt a station in India, in the 
Xccigheries; the outcome showed the justice of his choice, for it 
would lia%^e bei^n scarcely possible to observe an eclipse under more 
favorable conditions. This time danssen eonfined his attention prin¬ 
cipally to the corona. He noted in the spectrum of Lhisj not only 
tlie green ray, who^ presence wm already knowui, but also dark 
lines, indicating that a part of the light of the corona h reflected 
sunlight, and tending to prove that the coronal envelope is not 
exclusively gaseous but composed partly of liquid or solid particles. 

In l87o we again find Jan.ssen observing an eclipse, this time near 
the island of Malacca, on the return voyage from a trip to Japam 
Then, in 1SS3, with no fear for the fatigue of a difficult voyage, 
be went to Ihe island of Carolina, in the middle of tlie Pacific Ocean, 
in order to observe a total aolar ctdipse remsirkahle for the duration 
of totality. TlianLs to tlie silvcr-brtjmidc gelatine di'y platen, which 
had then just been invented, he was able to photograph the phe¬ 
nomena of this eclipse under %*ery varirc] conditions, and brought 
back data of tiie greatest, interest on the extent of the solar corona* 
Before terminating thia work dnn^n wished to ohsorve for a 
last time thc?se beairtiftd phenomena, which for hiin liucl always had 
such a faacinotion. So, in 1905, despite bia advanced age, he went 
to Spain to hove the pleasure of spring an aelipse, more ns a curious 
human being than ns an astronomer. 

We have now seen what danssen nccompliahed in the iiives^tiga- 
tion of the gaseous surroundings (if the sun by the application of 
the spectroscope to the study of solar ecli[>ses. We will tiow' pn^s 
in review his work ii|>on the absorption of our own atmosphere 
for the radiation from the sun. 

The first of these spectroaxipic studic* relates to the black hands 
which appear in the sun's spectrum as tlio sun nears the horiKon. 
Tliesc hod already been noted by Sir David Brewster, but the latter 
recognized neither the real structure of these bands nor the cause 
of their appearance. By oteervations made in Romo from 1562 to 
1863 Jansen foimd that these bands were resolvable into lines, and 
proved that their origin muet be attributed to the selective absorp- 
tion produced upon the solar rays by the gases of our own atmos¬ 
phere. Later it was found that the oxygen in the air produced the 
bands A. a, and B, which appear in the solar spectrum. But the 
oxygon of our atmosphere might not bo the only oiy^n giving 
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birth to these liDe?, for its ec^istetice in the envelopes of the sum could 
as well play in the production in the phenomena. With respect to 
the theory of the it is of the greatest ittiportnnee to know 
whether oscyg^n cocKists wnth hydrogen in the solar envelopes, 
Jan^n* iniieed, attributed to the question of this existern?* of oxygen 
in the sun a capital importance^ and 5;o be searched by ail the methods 
omilable to find out whether the baiub^ A, li, and B, had their origin 
in both sokr and terrestrial absorption or were pioduced solely by 
our atmosphere. In order to solve this pmblon he prtxluced these 
absorption bands in his ow n lahomtory in such a manner as to _see 
whether a oolunm of oxygen otjuivalent to the oxygen contained in 
the air would pr<Hluce bands of the same intensity as those we ob¬ 
serve ill the solar si>ectrum. Tlie same train of thought caused him 
to observe ihe spectrum of a luminous source so far distant that the 
air intervening between it and his apparatus w'ould produce an ah- 
sorption equivalent to that of all the air 1>etween us and die sun 
and at Llitfcrent heights nf the sun aliove the horizon. Then we find 
him making, in a senses the reverse experiment—dim inching sutli^ 
ciently tho action of the interposed air until the bauds under ex¬ 
amination arc no longer visible. 

The study of gaseous spectra was tarried on very extetisively by 
Jais&vtu. He examined at bis spectroscope the light from a tsOtirre 
pmducing a continuous spectrum after this light had traversed tube^^ 
coiUutmtig gases under variouf^ prc-sjjure** and temperatures, lliji 
lalioratory^ situated in the old litLibles of tlio chateau at Mcudoii, 
allowed biui to use tulles reaching a length of TjO meters. His 
beardiei^ rekted cluelly to oxygen. Rj Yarying the pre^Ute of the 
gas in the tube be could at will make the ateorption lines of nxygi'ii 
iiisrtiJ|M?arj estiocially the line B, His extjeriments showed that eer^ 
lain absorption lines—B, for instHnee—always apiH^necil when the 
product of the length of the tul>e by the preiv^jre of the gaa n^ached 
II certain value. 

The experiiiients upon the utriorption liucs of oxygen le?l ijatihsen 
to ji remarkable phenoiuenon which required repetition wilh the per¬ 
fected means at the dispos^al of mudern physics. Ho discoverwl 
ih*tT besides the telluric rays, the absorption spe^-trimi of oxygen 
showed^ under certnm conditions^ a system of hands diificult to re¬ 
solve into 1 inert, and whose production was ruled by an entirely 
diiTereiit law than that stated above for the telluric lines. These bautls 
appear when the product of the length of the tube bv the square of 
the pre&iuro reaches a certain value, Thk Uiv had a remarkable 
Mufiniiation when Oksewski studied the spectrum of liquid oxvgeu. 
It w^ found that the bands of Janssen appeared when the layer of 
liquid oxygen reached a thickness which the kw of the sciuare of the 
prcrtsuie wou require. Jatissen confirmed his law in yet another 
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manner. Me calnilutcd thnt whm ihe h(!i|?ht of iKo sun above tJi« 
homon is less ilmu 4 degrees tlio thiekness of the layer of air 
tnivei-!«>d by the solar rays irould be sullictent lo produce llicse lines. 
And so he went to the Deisert of .Sahara in order to observe the sun 
under these conditions and noted the presence of these bandK ivhen 
the sun had reached precisely this altitude of 4 degrees, 

This reniarkahle Inw miLst ha’Ve an importance for the theory of 
molecular piiysics which has not yet l)een sufficiently appreciated. 

fn his rese»rc:l)es ot the laburotoiy of Meudon. Jaiis,sen was not c-on- 
teiit with trying the effect of the variRtion of the length ond pressuro 
of his cohiiiin of gas traversed by the light: he also raised (he gas to 
high tent pern tureo in order to npprouch somewhat the ctmditions as 
they exist in the sun. By electrical means, very remarkable for the 
time when they were (kvised. Janssen was able to raise his gas to 
a temperature of 1M)0“ C. iS’o new phenumeiion appcnretl nt that 
temperature, but the visibility of the ali^orplion hands was; somewhat 
uicreawd. 

The absorption prmhm'd by water vapor also was studied at 
^remloTt, Already nt the lieginning of his spectroscopic studies in 
1867, Janssen Imd oWrvixl the absorption sixrctnuii tif ivater vapor 
l)y causing tin? In mi nous mys to pass through a tulw 37 nietera long 
filled with this vapor. This remarkable experiment, inade at the gas 
mamifnctoiT of Vilelle, uIIowch] JaiLsseu to ret'ognize the ]>rincipjn] 
lines due to the aljsoi'jnioii of water vapor. This re.^^nreb was taken 
up under better conditions and with lietter upparniiis at the labora¬ 
tory at lileitdun in 1887. 

The nhjet't of this study of the spectrum of water vnpor was to find 
out whether it exists in the iitniosphereit of the phi nets. This question, 
which is of capital importance to astronomers, always very gi'eativ 
intere^wl Jamssen. In 1867 on Mount Etna, and then in 1860 on 
the Himalaya Mnuntains. Janssen observed the spectrum of Mars to 
see whether he wiiid iletect in its spectrum the principal lines due to 
the presence of water vaiior. To that end he compared the spectrum 
of Mars and the moon when these two bodies were at the sMinie altitude 
iiljove the horizon. Jnnssen concluded from bis observations that the 
siiectrum of MaCKgave plain evidence of the prtseiiee of the vnpor of 
water in the atmosphere of that planet and he eonsidererl this evi- 
dcmxtsufficknlly dt^cisiw to maintain these eonclitaions wlien, in 1805, 
Campbell atuionnecd that tlie giieat instruments of the Lick OWrva- 
tory would not shmv to him the trace of any water vnpor on Mar^s. 
And now. very recently. Mr. Slipber. of the Lowell Oliservntory, has 
obtained photogruplis in which the lines due to water vapor appear 
more intense in the spectrum of Mars than in that of the moon. This 
to stippnrt iT{iTi.'<seti's cuiiclusiotis. 

^5745*—en lfl«l—-17 
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Ijt>L US iTium to t^seartlios on osygien. After hk Ubora- 

rnry studios of the conditions relating to the prorlnctioh of these 
ahiioriJtion bands of oxygen, JiinEson irishcd to obtain them by iiiter- 
posmg bctTvccn the lutniiious source and the observer a coltimn of air 
siidieiently long to produce thein. In 1&89 the EilTcl tower hai! just 
lieen constnictcd and a great electric liglit placed at the suiumit 
cciulJ tumt^ toward the ol^servatoiy at Mend on. and fiirtlieriiiore 
rhe distance between the tower and the <kh5en'atory w as 7,1 kUonietersr, 
so that tlie light, tjcfore reaching the oljservatory. traversed a colunm 
of air exactly equivalent^ so far as its absorption goesj to our owu iit> 
mosplicrc. These conditions prothiced the lines of the abst^rption 
spectrum of oxygen of exactly the same intensity a& m the solar 
spoctriim and brought a nvw coiiSnuaiion of the exclusively terres¬ 
trial origin of thefsr bands. 

This e.xperimenlof the tower of Eiffel practically a rejietition of 
another ingenious one made by Janssen* alionl I8t*4, on the shures of 
Ijikc tienevn. A largo wtXKl fire was kindled at Nyon upon one of 
the banks of the lake; although clcise-to the s]xcLriim of this fire 
appeared continiiouSf yet it showed, when observed Jtt (lencva, at a 
distunee front the fire of i21 kilometers, the telluric rays, including 
those of water vttpor. 

T\"e have already said that Jansi^ri was not content with having 
prothtced artificially by one lurtliod the ubsf>rption lines of water 
Tuptrr; he wished to make the reverse exi3eriment and assure hint- 
self that ns ^ve go higher and higher up in the atmosphere the telluric 
lines tend to disap[)ear; that is to savj in pi’oportion as we dtarrease 
the layer of air interposed between llic sun and tbe observer. It 
wa^ w ith this object in tiiind that pTarissen iindertt>ok seveml moutttain 
a.seents; that of Fiuilhorn first, in 1864, then the Pic du Midi^ ami 
iiiore iwently of Mount Blanc. In the first ascent of the flnintls 
Mulcts, in 1888* he demonstrated crlearly that the lines of the group 
B were less intense at an altitude of 8,000 meters than at Meudon, and 
in the ascent to Ihe summit in 1898 aud 1805 he lielieved that the last 
doublet of the B group hud disappeared completely* His laments 
made litis mountatn climbing particularly difficult, os m Qnhv in 
reach tlie summit of Mount Blanc he had to 1«? carritNl along either 
on a litter nr on a sledge. From these ex[>editioni$ to Mount Blanc 
■InnKsen cjiiine liack c.^ortvinced that an observatory built on the very 
riumiitil of tbiir furnons peak would tiender important seniUce Yo 
science and help to strive ninny problems of nstrnnnmy, inetcorologv, 
and physiolog)'* The astronomer ascending to this altitude would Iw 
^ a bu-, been collLd li\ ftonit* one “ utmospltenc minL” and 

tin* iSglu from the srtiirs would Apjjear Jess devitited and dillnse; the 
lueteorolo^isli pinct'd in tlie very bosoiii of tbe ultuospliere; could 
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Biifttch the secrete of the faijiuition of the clouds j und finally, the 
physiologist, in this elevated laboratory, cnuld study the conditinns 
of life where the atruofipherjc pressure hud become one-half lluit jit 
the ordimry level. 

\VTien this oliservatory at Mount Bianc had lit'en decided upon it 
rc<]iiire<J no eomnion strength of purpose in Janssen to carry out 
the pro|ecl» By his convincing words he succeeded in gat he ring 
together the necessary money ujul then braving his critics he fear¬ 
lessly built his structure upon tlie snow on the very ttip of Mount 
Blanc, overlooking from that culminiiting point fill the surroimdiiig 
Alps. Perlinps it is in this project of the crculinn of the obst^rvutciiy 
of Moiiut Blanc that w^ get the liest tuensure of the energy, the 
tenacity of puri^xMC, and the audacity of which Jrtn>Ta*n wiis capable. 
And it w'lis indeed iroiicerning the reulization of thia project that he 
said, I have always thought that there arc very few difficulties 
which can not hr stinuuonted by a will strong cnoTigh or by studv 
sulficienth'' profound.'* During tlie last years of his life ilansscn had 
for this obsenatorj' on Mount Blanc the ^^lieitude of a father for 
the child. Each year he took ildight hi giving advice to those ob¬ 
servers who proposed touscend this giant of the Alps for the purpij^*e 
of some new ntscarch r he organized the expeditions even to the amall- 
cfet details, aided in this task hy both Mme. and Mile, Janssen. 

Juns^n was an enthusiaiit of the iiioiititains and never ci^ased to 
pi^aise their bendits. He loved to repeat to the mountain climbers 
ihiii phrnp^ of nur great physicist, Fmicuult, ^Tl>e moimtuin makes 
the man, the city destroys him.-' 

IVe have seen the train of thought which lecl «TarLssen to observe 
i!Clipses of the sun. to carry out his laboratory researches, to analyze 
at high iiltitiules the light of the sim^ to study the ahs<Jrption pnv 
duceil by the ga^c^ of the sun and by our own atmosphere. But 
beyond the limits of these studies Janssen took interest in other 
f|ucslirins which hmught with them ihe opportunity of satisfying his 
tn?ite for long voyages. In IB74 and in 1S82 he whs in charge of the 
parties sent by Fmnce to oWn-e the irnn^sits of Yenu-s over the sun*s 
disk. For the study of this phenomenon the idea occurred to him 
of using II n^volving pimtographie plate. lYiih thk instrument could 
f>e! obtLiiucil a series of photogniplis separated by short intervals of 
lime. RF Oiflt the precise moment of the contiict of Venus with llio 
sobr disk emikl he told. This n^volving photogriiph wuis the pre¬ 
cursor of the apparatus of M. Marey for the study of the movements 
of animals, arul it is upon it? principle that the motion pictures of 
tO'iiay ai-e made. 

Tfie stmly of volcanoes, ami e5])ecially the i?[>cctrQni analysis of 
the gases whidi e^ape from the craiersj attracted tlie attention of 
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Jansf^jn hikI the canse of vovnges to Sjititorin* \o the Asiores^ 
to the Sandwich IsUuds, and finally to Blount VeijnvinSp 

Oftentimes these voyuges were utilized for the deterniinalioii of 
the magnetie elements of the earth k Indeed, first scientific exjie- 
dition had for iU object the detennination of the magiietie equator 
ill PertK tlien later he made, in the Azores^ magtietic obHerMitinns 
for geological purimnes* anil itt hint alt-o we owe the deterniimitioii'i 
of the magnetic equator in India and the neighboring id and of 
Malaccin 

But all these voyagrifs were not enough to up his energy^ ibe¬ 
tween whiles he founded, in 13i4^ the flbservatory of Meudon^ and 
npai 1 from the observations on I he alisorptitjii spectra of of 

which wp have already spoken* he was bu^y with applications of 
photography, notably to llie solnr disk* Janssen was one of tlie 
first to fore^icc the services which the phoiogmphic plate could remler 
in the abservatoryj and he tersely intficuied the role which It would 
plav in the aeieni't^ i>f nl>serration when he said that it would bo the 
*^true retina of the scientist/’ 

Assisted first by SI. Arenls, and tiieii by M. Poslcnr. he obtained 
at Meudoii tlie remarkable series of solar photugraphs of which ilie 
nturo characteristic one^ have U^en emlxidied in an atlas which is a 
true monument to the iustoiy of the sun. Those photogniphs were 
made es|>eciaUy for the Hiiidy of the character of (he solar surface 
and ?tIiow intr^t delicate detailii of the photosphere^ Exaciiining 
them clnsely, Janssen found that the solar surface has a iwcidiiir 
texture, to which he gave the name plintospheric "^rcH'au." The 
exis^lencc of this rescan was at first attributed to real disphicemetits 
of the gr^innlated structure of the photosiiberej but later it seemed 
more proi>able that the cause must he looked for in the iri^^guhir 
refractions produced pcrhajis by our own iitmitepliero but iiossihly 
by the gases surrounding the siiii itself. 

Photography has always occupied a place of honor at the Oliscrvu- 
tory of ^tendon, and, not enntetiL with the qualitative results which 
it had hitherto given, ,Tans>cn wished to make use of it for quanti¬ 
tative observjilioiis. And so wc owe to him nutuerous photographic 
photometric researches and. notably^ the determiniition of the rela¬ 
tive brilliancy of the stin and the star^ lie was one of the first to 
miikc tasc of out-of-focua atdlnr disks for pliotoiuctric measures* 
,Tiinssrn had a predilection for photography which embraced all the 
iipplicHtion of this science and of which he gave proof by acceptiiig 
the invirations to preside over numerous reunions and congresses of 
photographic swieties. 

Janssen was atmve all an observer and man of action* He did not 
allow himself to be tempted by the desire of giving his name to ^ 
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theory of the snn. He tnew that it is more useful to gnther together 
observations than to build theories upon facts insufficiently dem- 
onstratcd. But we must not conclude that the mind of Janssen was 
indifferent to speculation. In a number of his writings is found a 
depth of reasoning which gives evidence of his care in going to the 
very roots of matters. 

Bom in 1894, Janssen did not devote himself conipletely to science 

until toward 1860, at the age of 86, but his scientific career was, 

nevertheless, as long as that of many scientists, for he rcUiined until 

late all his faculties for work and died on the 93d of last December, 

aftei' having reached his eighty-fourth year. 

«• 



TTTR RETURN ()F HAT-LEY’S Cf>^fETv 
IWlElk 4 


By W. tV\ Campbell. 


A celestial event of umtKUal interest is expected soon—the retarn 
of Halley's comet. Its iippearonw wiJJ be welcomed as llie (rojning 
of a faithful friend, whose visits to the sun’s domains Imve repeated 
themselves every seventy-seven years since long before the time of 
Chriift, Any day may bring the news that this object has boon redis- 
oovered, near the northern edge of the constellation Orion; but we aw 
really not expecting the announcement until the last tliitd of 1900, 
Ttie comet will be faint when first seen, for we know quite closely 
where to look, and tlio most [jowerful pliotographic telc^'opes in 
several countries are periodically “ prosj>ccting” the critical region. 

A\T.iy is this comet known as Haileys? The incidents connected 
witli its christening form an interesting chapter in the early history 
of astronomy. A brilliant comet appeared in 1683, when Halley 
was a yoiijig man, in England. Tills was Halley’s comet, but his 
name was not connected with it until much later, as we shall explain. 
Halley's friend, the great f?ir Isaac Xewian, had but i-eccntly ^aboiit 
1670-1680) discovenHj the law of gravitation, and had provetl that 
a comet or other body completely subject to the srin's attraction 
must move in an ellipse aroiiiid the Sjun. Xewton was of a retiring 
tlispo^tion and took no steps to nmlcB known hb immortal discov- 
eriw. Halley, on the contrary, was a man of action. These cbarac- 
teristics of the two men arc apparent from their portraits. The 
manuscript copy of Newton’s Principia was intrusted to Halley, and 
the latter, in tlic abstmee of other funds available for the purpose, 
publjsJie*! the book in 1B86, at his own expense, though he was a man 
of smaU financial means. Tliis act alone stamps Halley as worthy 
of our homogi!. 

Halley realised tho wonderful import of the great law, certainly 
as early ns 1G85, but his op|iortunity for systematic work in ustroii- 

* rteprlntcd lijr pcnulwlon froas PnttllcatlciiK of the AamtDoaitH^I Society of 
tbe PftcJflt, FmneJstu, VeJ. 21, No. J2fi Ociobcr. TSOO. 
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omy did nut come imtH 1704;. when ho wus iip(>ou)t<>d. professor of 
geometry at Oxford- He immediately began the study of comets, 
basing his studies tijam Newton's luw. Ife bccanjo the first grout 
cak’ulntor of couiet orbits. In a little nioiie than a year lie had tweiity- 
foiir to bis cTCKlit; orbits of all the coitiets, in fuel, fur which he could 
litid accurate dlM-rvutioiia. This meant proaligious labur, in those 
days, for the gowl observatioti.^ and the highly develuja^] tnctliuds 
of our lima were unknown. Ik found tlial three cmiicts out nf the 
twenty-four had traveled from distant space, around the sim, in id out 
into distant space^ along tlie same f>atb, whereas the other twenty-one 
had eaclt a diirennit path. Were tliese three comets one and the same 
IxkIv? If so, their common orbit must be an dIThe crude ob¬ 
servations of the sixteenth gind se^ienteenth centiirifti did not permit 
him to diicide whether the mbit wai; a long ellipse «r a puralavla (a 
curve extending out Hi an infinitely grtml distance). If llie latter, the 
three comets would liave traveled away from onr solar *'ystem never 
to tvtuni. If they were the same body, they should have rettinied at 
about equal interygils of time; ajid this is what did occur, for the dates 
when the three coiuets had lieen nearest to tiic sun were .Vugust 24, 
15S1; October IG, IfJOT (inter^'a], 76.2 jeai’s) ; Septemln'r 4, 16S2 (in¬ 
terval, 74,9 years). 

The sniidl inequality of intervals he correctly attributed to the 
disturbing attractions of the planets .Jupiter and Sat uni. ITe pre- 
dicieil that the gTx*at comet wuuld complete aiioiUer revolution in 
its orbit in seventy-five or seventy-six years and rcupjn-ar about 
17.'>8, He said that be could not prcilict the time more ai-cgirately, 
for the effects of rliipiter s and ,Satnriis disturViing attractions were 
not yet cwiputed. Ilulley (horn UlTilt, died 1742) knew that he 
would nut live to witness the return, hut he confidently timl patri¬ 
otically Cidied T1£K.II posterity to iimicmber tinit this prediction had 
I wen made by an Englislumin—“ iib lioinine -Viiglo.'* 

The comet did return in March, 1759. It was u little later tlian 
expected because of the di.stiirbing attractions of the planets Uranus 
and Neptune, which had not yet liecn <lisoovcivd. and w’hose inlluencc 
ujjon the ttuiict s orbit, therefore, could not lx? taken into acc.onnt. 
This was indeuil a great triumph in «Hct science, made [iCKisible by 
Newtons overwhelm Lug genius and Halley's vigor. It is easy to 
predict the returns of comets in the twentieth <-entury. hut this is so 
liecaiise Newt on iiiid Hal ley liverl and labored as j nonce isi. 

llalk-y’s <»niet rcappeanai in IKIin. within a few days of the pre¬ 
dicted tmie. It is due to bu again ‘'in perihelion,’’ i. e., uearcft to 
the sun, in tlie first half of April. 1010. TJie comet, though invisible, 
is at present {April. 1000) much closer to ns than .Injiiter in, and 
slowly drawing nearer to the sum When we may expect to see it 
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'williout telescopic iissismiice mifl imw hriglit it will be at maximum 
arc; too micertau! for prediction. Certainly for a fcw’ montba In the 
tiftii half of 1910 it slioithl be a consplcnuus object. Cornets brigliten 
and develop their ttills iia they upprum^h the sun, rencliiiig their 
giuateat development when in or near perihelion. For this 
i‘UiiSi)ii it is their unfoptaiintc pruetiee tu disippear frani view in the 
Hiirjs glare just wbeti tiiey are hirguat, and Halleys rnmel wiil lie 
out of algid for a few days wJnJe it is pa.^lng on the olhei- side of 
tUc sun, pruliiiljly in i^rarcli, 191U. M e should sco it iit its best just 
after jierihelion IHi.ssugi'. 

The history of this most famous of comets prior to TinJley’s first 
date, l;i31, hits been traced by Llirec able EnglLdi ustrtinoniera, Hind, 
Cowell, uiid Cronmieiin, aa far back as R. C. :i40. In all, twenty- 
nine appearfttujes reoorded in history have been identlHwl, Those 
have occurred at iiverJtge intervals of seventy-six atui three-quarters 
years. Tlie individual vulues of the intcn'als have varletl between 
seventy-four and a half and seventy-nine years, aceordiiig a.s the 
ilisturbing actions of the planets eoiiihined to sliorten or to lengthen 
the period. 

Tlicre are extant several quaint pictorial representationi; at many 
of its early return.^:. An especially interesting one, though of niini- 
mum scienliJic value is for the return in IWiti—the year of William 
the Comjueror's invn.'<ion—as presenod in the famous Rayeux tajies- 
try. Sir John Ilcrschel's drawing is jirobably our Lest record of 
its ap]jeaninw at the 18!l5 return. Fortimatefy we now have piio- 
togrupfiy to make jjcrmanent records of Iwth its gimenil und its de- 
tailetl stnictirrc. The dry pliitc puts down details which the eye 
can not see, mid it does the work with grciit accunicv. Siiiec Rar- 
nurd's ]>ioiieer success in the jiholography of comets at tiie Rick 
Oliservatory,^ about IftiJO, no one .st-riously attempLs to “‘drjiw” u 
comet. An insjjcction of the two photographs of comet Morehouse, 
just visible to the naked eye in the full of IPOS, will show the rich¬ 
ness of strncluml detail, none of which could be seen in unv existing 
telescope. 

The long elliptical orbit of Tlalley s comet iind the nearlv* cireiilar 
orbits of the Eai-th, .Mars. Jupiter, Saturn, Uranus, and Xeptunc are 
represented in the figure—approximately to the correct scale; but it 
should be said that the plane of the comets orbit makes an angle of 
IS" with the earth's orbit plane. I'he comets orbit tlierefiire passes 
“ through ” the ]d a net ary orhiLs like the two adjacent links of a diain. 
The wriiet will approach within 5(;,000,0rx) miles of the sun, and 
then recede during thirty-eight years until it is fur beyond Xeptune’s 
path. In perihelion it must travel Si miles per second, bul at the 
outei’ turning its speed will be less than I mile a second, (i^ee %. 1.) 
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For purposes of description, it has been found convenient to divide 
the structure, of a comet into three ports, as follows: 

1. The densest nnd brightest part near the eetiter of the head, called 
the nticlciis.” Nearly all the of a typical comet residi'a in the 

nncleusu 

2. The cumu, or envelope, of low denjtity siirrounding the nucleus. 
Ill Qccasioiuil cometu the liead consista cjitirely uf coma without an 
apparent nucteu-s, 

3. The tail, which always points approximately away from the 
sun. When the comet is traveling toward the sun tlie tail'follows the 
head I when the comet is going «way from the sun Ihe tail piecedoH 
the head. This is illustrated in the drawing of the cometV orbit. 



Kiu. I.' - Orbits af tbr pijinriii ud th* cauarl. iThe JdMlInt rlrele I* Uka i>4i1b*ii orbit | 


I tic fact I hat a comet's tail always points away from the sun was 
early rwognized. Thei'e <!ould he no doubt that sojiic force origin 
Hating in tlie sun was reiiellent to the materials composing the tail; 
hut to determine the nature of this force defied us for generations, 
hi nee tjje coming of photography and the accurote recording of 
detoits of comet structure utterly invisible to the eye, it has been 
possible to measure these motions. Comparisons of photographs of 
the same comet made two or three hours apart have diowti that con* 
deii^tioiis and other stnietural fortiis have moved rapidly outwaitl 
during the interval j only a few miles per second at first, but faster 
and faster as the diatunce out in the tail increased. Some oliserved 
speeds have been nearly 50 tiiQcs per second. Fifty miles per second 
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is more thum 4,(M)0*(KN> iniUw jwr duy. 1 f siidi mot in ns eicLstf llip cfni- 

stitiieiits of the: tnil «ti one night Jire not the {rotistitneiiLs of the tail of 
the foJlowiiig nights, l*hint>gniplLS of iimiiy coineL^ iiiken on cerUnn 
iiiglits to bent no renciuhbQee to tiioc^ tuken on tho preceding 
or fullowiiig night. l"he tflilr? of the earlier dEitei^ have betni drivcEt 
off into tipace, seatteretl into invL^ibility, and entirely tieiv taik have 
taken their places. l1ie forc^ ariing oulwaixlly from thi'' snn and 
n^ponsible for these expulsions were mysterious, and it is only within 
the la^t ten years th«it a fairl}" HaiisfinUory theory hm been estabtUhed. 
Half a ceutnry ngo the great ph 3 'aieistj Clerk-Mjxwell, iti developing 
the electro-Tnpgnetie Uicory of light, deduced mathematically that the 
s^'called light and heat wares, In striking upon any object, exert a 
pressure, upon that object, very much as ocean waves falling upon 
the cliffs press agiunst the obstrtictiiig rocks. The pressure due to 
light and heat waves, called mdiation pn^ure, la e,\treniely slight^ 
so slight, in fact, that skilled experimenters were unable to detect its 
existence for many ymr^. At last, about tlie year a Russian 

jdiysieiat, Iji^IxnIcw', was able tookserve this effect; aitil a few months 
later tivo ^Vmerican physicLstis. Nichols and Hull, wera even more 
successfuly for their accurate observations f^howed a satisfactory 
agreement with the demands fif Jlnxwcirs theory. 

Almoiiit iHinted lately the fariiona y^vedish scientist. Arrheiuiis, ex- 
presscil his belief I hat iti this pressure of the .sun’s heat and light 
waves we have the force which forms comets" tails. All the mute-rials 
of a comet are nweja^arily attracted by the mtK according to the law 
of gra vital inn. There can be no doubt that they are also acted upon 
1 ) 3 " nidiatinu pressure* The former seeks to draw all into the surij the 
hitler to drive them into outer space. Tliese are opposing fortes* On 
the more massive parts of a comet, wmiprising the mictens, mdiation 
pressure is ineffective; and the nucleus moves along iti its prest^rilK’id 
curve with remarkable precision. Not so witli ihe finely dividet] 
materiiils of the t^oma and taih Gravity acts iis a function of a par¬ 
ticle’s wherms radiation pressure's action is dependent upon 

the siirfaee-ari?a of a particle in relation to its masd. As parlich^ 
Ijecome smaller and jaiialler a will be reached ^iiich that these 
opposing forces will be pretdsely balanced. Particles larger than 
these will Ix^ drawn nearer to the Particles smaller will recede 
from the sun* 

llliut seems to take place in a comet Is something like this: Miuute 
partiidiifs of solid mutter or nuilecailes of gas arc c.xpellt>d fnmi the 
nucleus chiefly on the aide toward the sun, probahh" under the influ¬ 
ence of the suirs heat. Radiation jsressure acts upon these partick^ 
to turn tlicm directly away from the sun: and the cloud of p.articles 
thus projected forms the tail. Aa the repellant forces act continu¬ 
ously, the particles must travel continuously faster; and this is the 
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ol»served fuct. Sumilcr and li!iss deo^e jJArticlfti tmist travel more 
I'll pill I y than tins lar/^er nnd denser ones. 

Tim o?cpuIsion of matter alon^ tlio tail into outer space 

iiiiist of nere^sity eaiise u comet to smalJcr^ Dlsiotegratioti is 
I'ontiimous. and tlie tail at any manmnt is made up of niuterkLs lost 
forever from the nucleus. Several faitil comets moving around tlto 
smi in small oil>itH ha’ie been okscTved to lie fainter at carli snecett- 
slvc return. Some liuve even disiijipearetl entirely. Two sndi com* 
els, now lost to view, reveal themselves only liy virtne of meteor 
slmwcrs about the middle of .4ugiist and the middle of .Kovrnilxfr; 
the mutter comjHnsing their nuclei has lieen scattered along their 
orbits, and the aniuial passing of tlie earth across these orbits leads 
to collisions between the coinctnTj fragments and our higher atmos¬ 
phere, 'I’liere is no reason to doubt that Halley’s coiiiel is slowly 
ilisintcgrating. and, after long ages, will aulfer some such fate. 

Our knowledge of the chemical composition of nitnefs and of tlie 
state ill which oomeiary matter exists is meagiT and imsat is factory. 
A few give spectra very like that of our own sun, indicating that 
-ilicy are sliiiiing by rrilected sunlight, as the planets shine. Other 
csimets send out their own liglit, almost ex<‘Iu?ivelv. the radiations 
coining chiefly from carhun and cyanogen sources. Still others have 
mixerl spectra, showing both inherent light and i-eflected light. Why 
cotnel.4 fihine by virtue of light within them.Helves is a mystery, for it 
is difficiilt to imneeive tbot such attenuated IwKlies slioiild liuve the 
heat of incandescent throughout their mass. Although many com* 
els have volumes thousands of limes as great as the sun’s volume, 
their total moss is Insigniflcant even in comparison with that of the 
earth: and such inass as they have is nearly nil in the iiuHeiis. The 
tads are surely less dense tlian the most jierftfct vacuum we can 
pmlmx' in the lalmratory, 

Ilullcy a comet js due to pass near the earth in May, llHO. iierimps 
within lO.UtlU.IHK) miles of us. I.*t no one draw the inference that 
liiere may be a dangerous collision with the earth, for such is not the 
crtiie. Their paths arc too widely separated, Kven if the path of 
tlie eoinet were entirely nnknown. wv could say that the diance of a 
collision with the denser nucleus is so small as nnt to call for consid¬ 
eration. And if we should pass through the tail tliere would tie no 
evidence of such an encounter, unless it consist of a harmless! meteor 
shower, for the tails of comets are <wtainly composed of exceedingly 
minute and wiilely Siiilleiei] particles. ^ ' 

The ancients 11lought of comets as hairy objecis. fiom the appear¬ 
ance of the tails: hence the origin of the term “conad.’* fmn the 
Greek komett^, signifying - long-haired.” This lielief prevailed eer- 
tainly up to Halley’s day and geueration. 
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All sorts of fantastic and fearsome ideas have attached to comets, 
from early Uistarinml tinjes to near the close of the nineteenth century. 
The writer remembers clearly that bis ncigh1>ors of thirty years ago 
conaidere^l comets to be messengers of ilLsoster. The greatest comet 
of the nineteenth century, Don ad's, of 1S5S, was the acerediteel fore¬ 
runner of our civil war. Medieval representations of comets as 
flaming swords were common. (See flg. S.) 

In Homer's Iliad, XIX, SSI, we read: 

Like LliD red star, that from hla fianidia bair 
Sbakw down dlecase, iHsmlluitce, nud war. 



From Evelyn's Diary of 1034: 

* * • the effect of that coiuct, lOlti, at 111 wat'lcina in iLc iimdtittoua rcTOlo- 

tiona now bcfrlanJiia la ttiimpe, eepeclall)/' In ticrmnny, 

Kniiii ^Milton^s Paradise Ijost, II, 708-711; 

• * * and Uhe n comet hum'd, 

ThHt Urea the Icnatb of OphJucJiiiH huge 
In th’ Arctic sky, and fttani hlfl harrld hair 
Shakir |N.>sthcacv and war. 

Xot the least of the services of liHiienoe to civiliaition has been the 
gradual emancipntion of hiimiinity from all fear of comets, 

Afitronomers will welcoiiif the coming of Halley’s comet, full of 
hoj» that the jihoto-diy-plate, the spectroseope. and otiier ways and 
means of altuclc inventt'd since its last visit in 183S will enable them 
to remove Bomedrijjg of the mystery of comets, the most mysterions 
of all eclestial bodies. 
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THE UPPER AIR.** 


By E. uinl W. A, I1 a*wi)CI». 


Tin* pn-st decade has Ihnjti very fniUfiil In the investjgatioii of the 
Upt>er air. Bv the use of kites suiEcieni results have Wn ohtam^ 
to furnish a toierahlv complete knowledge of the vnnation m the 
meteorological elements op to * height of 3 

ine balloons have furnished information regarding the ^stnbution 
Jte^per^tnre op to heights of 15 to -0 kilometer. -H- 
of the Berlin manned balloon ascents were arranged and di-scu^ 
ven' fnllv ten vears ago, but no auch comprehensive diacus&mti of the 
much more numerous kite mid registering balloon ascents has yet 
l»een attempted. The presriit report deals with the imrtrumenls and 
methods of investigation, and with the results for teini»rature and 

for wind.* , 

Tl«! most importnnt senes of tlie e&rlter ftseents witb niftimed 

balloons was that made by Crlaiahcr in mO-im. Unfortunately he 
was led to believe that artificial ventilation of the thcmiometers was 
imneccss?ary, with the result that his observatious at great altitudw 
are untnistworthy. In the series of ascents made from Berlin m 
1888-1895 oliscrvations made with careful ventilation proved licyiynd 
doubt that large errors would arise in the absence of proper ventila¬ 
tion, and that Glaisher's results were almost certainly affeetwl by 

such errors. ___ 


■ Report on tJ«* iwwcat rtatr of i»«f ktiow lnlp* of ilm upper aimospbere as 
(.Maiiiwl nr tlie asa ut klttn, Imllonw*. and pilot bnnooiis. Report of tUr com- 
uiltK*. cnOsdatlnB "t .Mw«rs. E. Gold and W. A. HnrwooiU pmeeated at Gie 
tvinnliwa laectfnp ot the Brit lull ARioclatlon. ItlOD. Reprinted hy twralwlon 
from Knture, I/mtlwi. Xo. 2089. vnl. 62: Xov. 11. IttM*. 

»TlJe fall oamrt nf the conimUtec la prlntcil In au octavo imollibltH of 64 
iiagwr, wllh dliutraaia and tubulated obacrvatlonn, and plve# an interesting bt*- 
lorical levlew af the upper atmoapliete Invertlgatlone since 17S4. 
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nw following table shows the nature of the errors, and incidentallv 
funiislies a comparjson with one of the earlier bullon-sotide aseents; 
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rm,«:™Mcre no^rvntions m manned balloons aro now nsiinllv token 
with an A^nonn s aspirator, in which a ventilating eurn-nt of nbciit 
4 rn. p. s. 19 forced by a fan tlmmgh n polished tube containing the 
Ihennuntcter and screemng it fmm rafliotioii, ^ 

Tlio instniiiients iiwd with registering halloons are of iwo tvpes 
In the arge ty,ic the reror.l is made on n metal or photographie sheet' 
coynMl With lampblack, and wrapp«*] round a revolving cvlinder 
dmeii hy a clock. 1 tempenitupe. and hiimiilitr are recorded 

by separate j^ns. The barometer is a Bourdon tube m- an anZicS 
die thermometer some form of himetallie instromeiit. and the hv’ 

Tr™ r' "‘nnll type the tern pen, tore record 

.a t™™| 0« « cylinder or plate, which is itself movetl at right angles 
o the dircrtion of motion of the temperature lever hv the changes of 
pressure The temperature and pressure are then given bv ihe^ordi 
nates and abseia^. of the trace obtained. The advantirmi of this 

If T*'i* ^ ref|uired. and tlie im^lriTment ran 

tc made much lighter and is more easily testcih The loss of the 
. .nudity trace is unimportant, because the hygromctric records at 
on temperatures are very untrustworthy, and the oliwrvations in the 
lower layers can lie made with kites or manned balloons. 

Tlie mstrunients usetl with kites nre similar to the hallon-sonde 
i^lrumcnto of the larger type, but ihey have an arrangement for 
^rJing wind velocity. In the Dines instrument the t^rds are 
Wt '‘i cardboard rotated by means of a 

^ instruments are 

The Imllon-sonde bstriiments are testwl either ( 1 ) bv keeping the 
^crmometcr at ordinary' atmospheric pressure in testing for tem^ra- 
turo and the barometer at ordinaty temperatures m teeing for pies- 
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sures, or (S) Uy testing the thetniometer througli tlic temperntnre 
range nt dilTerent pressures uiiii the huroineter dirough the pressure 
range «t <]itroronl teniperatiires. The aeeotid is, of coiirse, the more 
dcsiruble plan, hut the ilithcuttics j[ivolve<l iti applying it to the larger 
type of insti-iinient an' so eonsiclernbte that the former niethtal is 
geneniliy ndopteU where such mstnimcuts arc used. The simplicity 
of the smaller tyjie of instrument devised by Dines CDahles the second 
method to be adopted in testing it without elaborate and espensive 
nppurntits. 

Temjjeratitre iieoortls obtained sinuiltnneonsly with different instru¬ 
ments show dilTerences which, in the mean, do not exceed 1* C,, and 
the teiniwmtures may, iii gi neral, Iw taken to tie correct to this degroa 
of accuracy, but lugging of the instruments makes it doubtful if in all 
cases the m-ordetl temperahtres and heights actually corrcsjmnd. 

Til dealing with the observations it is found convenient to expre-s 
temperalnrcs in degrees centigrade above the alisohite zero, —’273* C. 
on the ordinaiy stale. Where necessary- the letter A is used to char" 
acterize this scale. Atmospheric temperatiiiefi. Imtli at the Rurface 
and in the upper air, lie almost alwa3's lietween A and 300" A, 
so that the 2 may lie dropped without risk of confusion, UmdienU 
of temperntiire are expressed in degrees centigrade per kilometer, and 
ore reckoned -f- wlien temperature decreases iipwaril. 

The mean value of the gradient up to 3 kilometers is as follows: 


F^otn tliG llGrIln iiuiunt^l hnllwtn 

Ftmu tlitf ___ j' a 

t mm tbo ttGrlTn arul LlmiiFtiber^r kite _ __ ^ q >* 

CaleiilntM hy Qnun frojn moiintjiln olwfrtn^ntlons ___" ^ 1 

It follows from these refnilts that tlie moiintains are colder than the 
free utnio^pheie at the Biimc height, and maney observers have vcriiied 

TaS> ? Dinis fmmd that in 

1002, the temperature on Hen Xei is was 2.6* C. larlow that, of the free 
atmosphere at tliesame height to the west of the monntain. Srhmanss 
found that the temperature on Ziigspitze (nearly 3.000 meters), which 
les on the northern edge of a moimtainous region, was oontinuallv 
ower than thut of the frre atmosphere, but was higher than that a‘t 
the same height on f-ioimhlick. which lies m the middle of the VI ps 
It was nut by Von Bezok] that increase of temperature on 

a moHiitam limited by convection, whereas no irnmefliate limit h 
i=et m this way to cooling. There is a oniHsidetliiess in the heat 

wni M f 't utmosphere which 

would tend to produce the result found by rWation, .Moreover 

convection a ways tends u, raise the tempereture of the upper air 

iiltove what it would t# otherwise, and in addition the rtdd of winter 

19, as It were, storeil up in the snow, while no sueli priKcss holds for 



264 AK5Ct?AL MPOfiT EMtTasoKiASf ixsttmixioK, 

ihfl warmth of Bimiraer, Both efiiidition& iLre proLiahly effective in 
inereasing the teiri[>eriitiire diffcrtmcc. The most import not dedtic* 
lion to lie made from the results is that the moiintains nrc not cokl 
11^=1 ihe upper iiir is cooled by convection, htit they ure cooled by 
their niduktion to space. 

The nieflii vnhies of the pmdients up to L> kilometerss found from 
re^isteriiijT ballwn n seen is nl ten Euru^ienn stations and for St. Louis, 
Mo., are given in the table: 
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Tlie maxiimnn valne occurs in the layer 7 to 8 kilometers, nnd its 
Tnapnitnde mdicate^^ that the effect of rndUtion is to leave pmeticaUy 
iinchniigf-rl the natni'al gradient in air m vertical inoLioiu Gobi 
phowet] that in tlic upper la vers absorption cxcetxled radiation and 
in the lower layers radiation e.^ceeded absorption^ iind laUh 
wntikl lUniinbh the temperature grudienb At an inter media te stage 
absorption tmd radiation must bulanco, and the lesuUs iriilieale tluit 
this is the case at x\ haight of 7 to 8 kilometers. The tern{K^ratEire at 
different heigitts up to 15 kilometers showj; practirally no variation 
for the ten Enroj>enn stations, excepi in the case of Fsivhjvsfc, iThere 
the temperature is unifoniily lower up to 10 kilometers and higlii'r 
afjove 10 kilometers than at the other stations. Tlie difference of 
temperature lietween Strassburg and Pavlovsk. taken to represent 
latitude ftn<l latitude respectively, Ls sufficient to prodnoe a 
gradient of pressure at a height of 10 kilometers which would con-e- 
hpond to a steady west wind of about 24 m- p. s. (H miles i>er hour). 
The difference between Strassburg and St. Ixeuis (representing lati¬ 
tude IllF) Would at the same height correspoud to a steady west w ind 
of 15 nu py s. in iriiermediate latitudes^ The observations are not 
sufficiently extensive to warrant much s4re^ being laid on the nli^wliite 
Values of these velociiies^ but it is of interest to note that the approxi¬ 
mate ratio of the west winds in latitudes 45^,55^, deduced from 01>er- 
lieck^^ solution by a purely tlie<>retical treatment of the problem of 
(he general circulaliDn. is 10/21 for the upjicr strata* a result in toler¬ 
able agreomcht witli the ratio of 15/34 deuced from the temperature 
ohsen^atious. 
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Thp probkm of thf' Tertical distiibution of trinipuratiiiT in cyclon^?s 
and El nticyclones depends for its solution on upix»r-air obsor^tions. 
liiiiin tied need from (lie lemiwratures ail lugh-levol obsen^atories that 
cyejoiie^' wore colder tbiin ant icy clones?, the mean difference of tein- 
pernttire tip to 3.0 kilometers being as muoh as 5'^ G. (frenander 
found similar results by a consideration of the kite and liallooti nscimt^ 
jit Hald and Eeriiru while Von Bo7.old deduced from the lierlin 
manned bill I non ascents that die relutiv^e ctjldness of tlic cyclone was 
maintained even Up to S kilojsieters. 

Tile results in tlie present report^ obtainoi! by taking only iho^ 
cases in which the seadevel pressiin!! exceefletl 770 millimeters or was 
less thou 750 millimeters, and cori^ctiiig the observetioas for b^e^isimal 
and local variations, showed that the cyclone was colder than the anti¬ 
cyclone up to 0 kilometers, while at greater heights the conditions 
wei-e re VC reed j and the uuticyclonc became much colder than the 
cyclone; but die effect of the temperature difference in the lower 
kyi rs on the pressure difference is so considerable that even at 14 
kilometers the pressure gradient is not reversed. In these circum¬ 
stances it is rlifRcult to See how air can be hrosight into the anticyclonic 
and out nf the cyclonic regions in the upper air. The cirrus oiiserva- 
tioiis imply a deffnite outwartl motion over cyclonic region?^ hut a 
rotation in dm same direction iis at Llie surface, which can be the case 
only if the gnidient of pressure is also in the same dirpction as at the 
surface?. These rc^mlts imply that there is motion across tlie isohanii 
from the lower to the higher pre^Kiire. Now, altlumgh it h possible 
for ^uch motion to esist if die vidocity in the cyclonic region exceeds 
a certain value, or, in the anticyclonic region, lies lietwcen certain 
limits, it is not possible to have steady motion of this type, and the 
effect of damping would be to make the motion from the higher to 
the lower prc^^ire. The ei'idem*e points to the oonclnsioii eillier 
(I) that cyclones and iinticyclone^ arriving in the Kiiropcan area 
arc in general dissipating sj'Mems which are I'ontinuallv replaced by 
other systems arriving from what may lx? ^Tilled productive region^ 
or (2) that iheri' b interclifinge of air with regions in which the sur- 
faws tenifawnture or the lempt^ratiire gradient ditfers sniliciently to 
piwluce mean temperatures gmiter in low-pressure ai^s und Ick in 
high-pressure aren« than are found over Europe. 

It Ls interesting in connection ^villi this pnrt of the sriltjcct to note 
thnt ShftTT and I^-mpfert dwlncetl from u distnission of siirfa.'e air 
currents Unit the central areas of anlicydoneri were not the repions of 
onpin nf cum-nts. atnl coiitd not. therefore, lie plilees where riescciit 
of air was tiikinjr lihin- to any cnnsiderahle extent. The ti-mperntiiro 
obsenatiom in the 3 kiloniefera agree with this conclusion, sim-e 
they sliow that there hi no iiti[>roach to a regular adiabatic gradient 
near the ceuterii of anticjclonea, 
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Perhaps the most remarkable phentuBenofi revealed b_r the obserm- 
tioii.4 from registering ball<.x)ns is the comparatively sudden cessation 
of tht^ fall of temperature at a height "^vhich varies fix>m diiy to duy^ 
but is nnighly equal to 10 kiloTueterft. Above this height which may 
be regarded as the height of an irregular^ but roughly horir^mtalj 
surface dividing the atmosphere into two regions^ the twiii>eraiure 
at any time varies very little in a vertical direction^ sliowingx the 
averagey a slight tendency to increase. The lower and up|jer regions 
B 1 X 5 eharflcterizeil by the terms cjonvective and udvective,” resi>ec- 
tively^ and the height and temperature of the dividing surf aces ure 
denoted by Hr and IV The following table gives the values of 
11^:, T^t for certain places in Europe J 
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There is very little variation for places between Intitiide 15* and 
latituiU" 55^^, hut at Pavlovsk II^ is about 1 kilometer Ijelow the aver¬ 
age. <)b;^ri’vations made in tfie etpiatorial regions show thiiit tlie 
value of Up there exceeds kilumctet^y so that there miud^ lie a con- 
aidcralde increase in its value In crowing the limit of the trariiMviml 
region, and it ap[>enrs probable that the equatorial currents and the 
trade winds form a closed system w ith little interchange of air with 
higher Inlittides. 

The annual variation in Tr is shown by die following tablet 
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The remark able feature is the relatively high tem[>erature and low 
raluG of Hr in ^farch atici September. Tliis peculiarity and tlie fact 
that T, is least near the equator suggest that the general nature of the 
process may lie as follows. The cool nir above the tapiutor moves 
polewards, and in the iiatoral course descends again to feed the trudo 
winds. Owing to the itrcgtilarities of the earths surface, the change 
of seasons, and the very cfjnsiderable dilference between the northern 
and southern hemispheres, the process will t>e neither regular nor 
{symmetrical. Consequently, the equatorial cold air will encroach on 
the udvcctive region of temperate latitudes, and such encroachiitenU 
will pioduce anticyclonic iTCginns. The advective atmosphere would 
be reached there at a higher level, and initially at a lower tempeiw- 
tiire ihnti in the a vemge state, but the tempemture would be gradually 
mbed by absorption of thermal radiation to the normnl value for that 
latitude. 

The fact that II,, has minimuiii values in March and rieptemher, 
when equatorial temperatures are highest, appears at first to be cim- 
tmry to this view; but the first etlect of increased teini>enilure will 
be to increase the atreiigtli of the trade witida, and as at the same time 
thclie is 41 trahsfemice of air across the equator to the soutliern heiiii- 
spiicre, n tmuaference which eaji be made only through the upper 
return current, there will Iw a deficiency of descending air. and the 
eqiLutorinl cold air will encroach lesfl than usual on the [lortbem ud- 
vective region. The reverfse profa.-ja would lie expected to occur in 
September, but the autumnal transference of air to the northern 
hemisphere will be initially much more intense toward the gri^al con* 
tinentui regions than to the Atlantic and European area, and it tn 4 iy 
well U? thid the equatorial current again enci'oathes4 les,s than usual 
DU that region. It may be cxjiected that the value of H,. in Ask 
and .Vmerica will not show the September miniTiium. 

The evplanatiuji of the discontinuity in the temperutiirc gradient 
appears to la* this. The fall of temperature is govenied mainly by 
convection, and a neccssiiry condition for convection to jieraist is'that 
the i-akiktion shall exceed the absorption in tlic upper lavers of the 
coiivi'ctive system. A limit Is therefore set to the height to which 
convection can e.\teiKl. and at this limit the discontinuity in the fall 
of tcm]ierature occurs. It has been shown that the nl^rved height 
is about the sanie as the limiting height of the eonve<.‘tive svstem 
found from tlieoreticnl considerations ba-sed on the experimental 
knowledge of the radiating power of the atmosphere. 

The results of the observations of wind velocity may he bricllv siim- 
martziai as follows; In general, the velofrily increases with height, the 
greater part of the increase up to 2.00(1 meiere taking plaw in the 
layers immediately jihovc the surface; To per cent of the total increase 
takes place iji the Ik^il 160 meters. Above SOP melers numeruus cases 
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occnr where the velocity decreeses with height* The velocity fnr 
heights up to 10 kilometers is givea appro.^imateIy by the equation 
Vp=Yaps (Egnell*s law), where V is velocity lUid p density^ V^p^ 
bcltig tlie values uear the surfflce. Tlie law implies that the presure 
gretdieut remains constant and independent of tile height* Now, 
owing to the fact that the tcmpemtiire is higher over regions of high 
pnesaure than over regions of low preassure, the lutio of pressure 
gradient to denaity increases with height, Tlie condition for a con¬ 
stant gradient up to 8 kUuuieler^ is uppra^dmately 

p 

where U h the e-xcese of the mertn temperature of the air-colmm at a 
place at pressure p-^ip above that at a place at pressure p. (JWrvji- 
tioixs show that fur Sj?=30 milliuietcrs, ^^=4®^ C- nearly, or double the 
amount necessary for constant gnidicut* It is to be expected, there* 
fore* that Vp will increase up to 8 kilometers, and the few pilot- 
balloou ohservatioos avuiliiblG point to STicli an increase. 

The direction of the upper wind u^uixlly veeri^ from that ut the sur¬ 
face* Tlie following table dwv^s the deviulions for winds from dif¬ 
ferent quadrants in England and at Herlin: 

Dcvialifin o/ fAc upper 
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The devittliuti at Berlin is in nearly all cases greater than in Eng* 
land, especially for niH'th windii, which hack slightly in the upper nir 
in England. 

There is no niarkrd difference between ant icy clonic and cyclonic 
conditions in the cluuige of wind velocity and direction with height. 
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The following table given the values deduced from observations at 
Berlin and f jiitk'nlMTg in 190r>: 
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Tlie deviation U slightly greater and the ratio slightly less in C 
than in A. It would be natural to suppose that surface friction and 
irregularities would produce a decrease in velocity which increased at 
a greater rate than the velocity itself, and in that case the ratio in C 
would be greater than in A, as was actually found by Beeson from 
nmiiued-baliotiu ubservaciojii:^ 
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THE FOISMATIOX, GEOWTH. A>T> HABIT OF CETSTAT^,« 


Ry PaFl GaUDeit^ P. 

A^^*tant in M{r$pra!ci^j/ at .VffliiraJ iiMQnf XrMH^ni, Pflfifr, 


A cr3*stiil 1:1 rouses the interest of the observctr not only by the regu¬ 
larity of iU formsj the perfection of its surface^i ami niigleHi, its trans¬ 
parency. and its briliiuricy. but also by llie iiianner In wbicJi it grotvK, 
hen Is its wounds, is dissolved, and modified nnder tlie inllnetire of the 
including inediuiii. To some authors the crystal, from certain point'! 
of view, appears analogous to living forms, and seems to niHlrrgo 
a sort of evolution. 

Its formation, its growth, the variations of the facesi under the 
infiuence of the inclosing incdium, have been the object of numerous 
rcsea reties which have gn?atly inddificcl our concept ions regarding 
them. The pnrpt^se of this article is to show the present state of our 
knovvldlge coficerning these diverse and interesting questions of 
cryatallogeny. 

I. 


As early as the serenteendi c^titury teiitvenhoek, who examined 
under the microscope ever^^hing that in his time lent it.self to this 
line of oiiservntion, followed the formation and grtttvtb of the crys¬ 
tals of various siid^tancies (as sugar, tartar, sea salt, etc.). He w^as 
led to conclude that the cubic cry? 1 :als of sini salt are formed of other 
minute cubes, theiiisidves niude up from cubes, the existence of which 
one has to accept through analog}' with tvhat is seen, ninco tiiey are 
invisible under any magnifying [wver. I^atciv Baker, la^dertiifiller, 
and others also examined umler the intcror;co[)c the branched ami 
varied forms that appe^ar when a suhstaiice crystallizes on a iJiect of 
glass; blit it IS to Nicholas Le Blntic that wc owe the first systematic 
and effective rest^nrclies in cr>^stnl gtmesis. and particularly in the 
variation of the form. In bis very intei-csting work I>e la Cristallo- 
technie’" he giv^ methods for the preparation of crystals, and in 
particular does he set forth the process of renewing the solution, 

-TmnKlnteil hy penulaiJoa from Retue 8eleatmiiuc< Paris, mh year. No* a 
January 15, 1010. 
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of feeding’* the plowing f^lids that they may attain a nelfttively 
considerablfl 

In T^'hut toinn do wo see the crystal with the aid of tlie highest 
magnifying |>ower? Does it present, fi'om the fii>it tlic form Llial it 
will have later? The biolc^ists were the first lo lake up the matter 
of the fomiatioii qf the crystalline ''gerin;” that of the form 

which it pmeuls at the instant when it first becomes visible; and 
mo^t of them Jmve adoiittod the existence of an embryonic ^tute, or a 
state in whidi the constiLutioii aiid form are ditTcrent from that of 
the crystal properly called^ although this idea has Ijccii couiradicted 
by Frujikenhcim, to whom we owe niimerons crystallogetiic obirervn- 
tions- VogoIsangT hi took it up again and made numerous in¬ 
genious aud varied experiments to show its correctness Ills ubhjervji- 
tions are geiicralJy exacts but he has uiifoiiunEitely itiisintcrpreteJ 
them. To sliow the embryonic state of the crystah Vogelsang tried 
to make the bodies crystallize under special conditions with the pur¬ 
pose of retarding their formation so as to enable him to closervc all 
the 5 toi>s of development- thin purpose in view’ he added to a 

sulphur soliitioti u viscous Iwlyv Cauada balsam. Theru were prt>- 
duced little spheres, to which Vogelsimg gave the name of globuliteSj 
ami which were tbought to represent au embryonic stBgc+ These 
globuriles unite to form particular groups^ i^ach of which has received 
tt spcciai namc« and at the expense of which the crystal would be 
produced only at a later stage* 

iloreover. Vogelsang rests his experimental resea relies on d^serva- 
tiotis made with crystallites of varied forins existing in a few rocks 
rich in silica mid more or vitreous^ and in the- sings of blast 
furnaces; but as was later shown by ^[. D. LtdiiiiatiUT who made 
numerous researches on the forma lion of crystals, these glohnlites arc 
but drops supersaturated wiih sulphur^ and consequently huve noth¬ 
ing in common with the crysiainne state- 

Hrame, as well as V^ogelsang^ studied sulphur^ hut in a molten 
condition* He observed little siipermelted drops (utriciiles) to which 
he attributes a considerable rsMe in erystallizutlon. His ideas differ 
from thoise of Vogelsang^ but nothing in his experiments^ Kulttstantiates 
the existence of an embryonic state. 

Tlie obser^^ations of il. iX I^hmann have shown that the cty’Slal 
po^j8e&?e?i from tlie beginning a fonn identical with that which it has 
when it lias attained larger dimensions- T. V. Kichard and E- H* 
Archibald httve employed the cinematograph to follow out the for- 
matifkO of the crystal, and olitainctl only figureii of completely formed 
individuals. 

r myself have made a great many experiments^ and have always 
found that the first visible purtick had all the properlies of the 
crystal. It is, nevertheless, not to be disputed that in aoiue cases 
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thero takes place what Vogfllsang anJ Uis pi:«JeLTwsors hare obson-ed 
with sulphur or other btxlies^ but ivho worked with wupctviatumttKl 
drops or amorphous particles, or little splierulites of unstable furai, 
whieh later onderwent modifioitions into more stable former and 
the noimal development of wiiidi can then lie followed 

Xevertheles, in spite of the observations of Frankenhelm, O- 
T^lmmnn. and others, tlie idea of the embryonie state of the crystal 
has not disappeurc<l from science, and the hypothesis of Vogelsang, 
sbpportetl by IX* Scliocn, Cartand^ nnd others* resting on inisiiiter- 
preted observations, still finds some credit* 

TL 

IVlicn the crystal is once formed—^that is^ becomes visible under the 
microscope—how docif U grow? Seveml cases may be piesonted: 
First, the mother liquid is in a state of rest* the cooling or evaponi- 
iion ia estremcly slutv, and the crystalline particles uro built up Uy 
diffusion aloni!. In this ease the growth is too slow to bo cortsiaritly 
followed under the microscope. In the ^second ease the liquid is 
cooled or cvaporatcii with such rapidity that the quantity of matter 
deposited on the crystal prtKhtceH an enlargement nderascopically 
visible- Movements in the liquid are tliereby set up. It is an estab¬ 
lished fact that currents called '^currents of eoiicentralioi^passing 
over a crystaU deposit a thin coating of substance^ followed b3* n 
second, and so on, until, for example, one can see on a elystal of lead 
nitrate^ having a diameter of half a milliineter, as many as twelve 
of theHio mjcce^ive layout; depositee]. If the prociss were suddenly 
interrupted and the crr^stal examined any observcfl face would not be 
a planCf but would show a sort of step arrangement^ of which tlm 
highest step would indicate the iwlnt of contacL of the ciiiTcnt of 
dcpoj4itlo]i. 

These snceessive deposits have no interspaces and the crystal 
may bo perfectly transparent* If the crystal of lead nitrate hf, 
however, subjected lo the influence of iwo or of several currentn of 
concentration, the corresponding coatings laid upiin it start from 
different points in the periphery and may not be of the aajue thick- 
ness. Ordinarily they do not join exactly at iheir point of meeting* 
In this way are then produced inclusions and the crystal is tio longer 
transparent, but Ijecomiss milky* On it glass plate it is easy to 
produce at will a transparent or milkj' crystal of lead nitrate. In the 
experiment it is necc^ry to agitate the cry^^tal very slightly with a 
needle in ortler to subject it to the influence of one or several currents. 

These emuTentration currents produce other peculiarities (vicinal 
faces, elc.)i which it would take too long to describe in detaiL 1 
shall confine myself iu calling attention to the infiueuce they may 
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haTc upon tho faces of the crystaL The introduction of matter 
to one face only of u crystal causes it to develop unequally, and since 
all crystals of the same hath or magma are not influenced in tho 
same way, they may present a number of di He rent forms. The 
crystals futmed at the liottom may Iw ditferent from thuse which 
are deposited on the side walls or at the surface. 

rn. 

If these concentration currents can completely change tiie habit 
of a cryfital by producing elongation in one direction, the iiatiiri? 
of the faces is not inoiiitied; an octahedral crystal ahvaya appeal's in 
Octahedrons, But there are two other influences which modify t!ie 
faces, Dne of them is the rapidity of crystalliKiition, the other the 
constant aljsorption of foreign matter by the crvstnl in piticess of 
growth. Still otiier factors may intervene, but they arc only indi¬ 
rectly concerned. 

It has long been known that crystals formed rapidly possess 
simple faces, while those which have grown slowly are more com¬ 
plicated. Ihus in nature the crystals rich in inclusions, sometimes 
of large sixe, are poor in faces, while the small crystals of tlie .saiiie 
sulistance, but transparent, are generally limited by a large number of 
faces. These differences are due to the rate of crystallization, the 
influence of which has l»een made known by the u.xperinieijts of 
Fnuikdnhi'iiu, Li«‘Oq de BosbaTidran, O. Iwchmann, and myself. In 
rapid ciystalliKation tho crystals have fai^s with film pie* symbols; 
in slow crystallization these same simple faces fX'rsist, but the angles 
and edges have been truncated and beveled, giving rise to new facets, 
and I have sliown that in certain cases these facets nmko their ap- 
|>oaiii!ice always in the snme onlcr. ^\ lth varying rates of crj^talli- 
Kation the dianinunt forms obtained in the case where tlic crystalliza¬ 
tion was rapid persi^ with more or less extensive development, but 
tl may be othenvise in the case where the faces are modifled by I ha 
regular abaorjition by the crystal during growtii of foreign matter 
added to the mother liquor. This fact is easily made evident, as T 
have demonstrated, by adding a little csdoriiig matter. 

Home de ITsle and Berninrd have observed that the crystals of 
Borlmni chloride formed in urine ane regidar octiihedrons inatead of 
wibes, such as crj’stallize from a imre mother liquor. Vtitiquelitj and 
Foiircroy showt^J later that this curious modilicaijon is dm- to the 
urea present. Hoyflant also e,s1:nblitJied a few phenomena of the 
samo class, and tried without suceesss to ascertain why the utere pres¬ 
ent of a foreign substance can be thus effective. 

P. Curie developed a remiirbfd>le and attractive theory, whicti 
apparently fumisLed tJie key to tliib curiouii modiSention. Ho 
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daim» thnt ilip capilhiry aetion existing betn'mi the liqiiiti urn] 
tlie cty?itn] inicn’enes, Bn tiSecl varying wiili the niUiirp of tho fnws 
Itelonging to the Jiverse forms nnd with tlie iintnre of the liquid. 
Basing his Iwlief on Gauss's tlieory of capillarity, he concludes that 
such fact's develop or require tlie mtnimiiui ex[]ciidituie of eapillaty 
etiergj*. The dominant forms must consequently* he condiliont'd hy 
those faces the constant capillarity of whii^ is die least. The addi¬ 
tion of n foivigii suhstance altering the ililFercnt mpillaiy' L-oiistimts 
may consequently induce modifirntjoris of form. 

It appears, indeed, that ttiu capillary foix-es must ad, but up to 
this time tliere is no fact known which proves that thev inlen*cne 
siiflirientiy to mwlify the forms, in spite of the experiments of 
Jh Bcrent carried out in the laboratory of Sehnrke; moreover, I shall 
dcscrilic Inter an observation showing they are without influence. 

IV. 

Tlio erystnls of ono snhstance rarely form synchronoiiBly with those 
of another dissiilved in the same mother liquid, and it is on this 
pro|»rty that chemists iuiso their action when they atteiujit to purify 
Ijodios by rejgeated crystalHsuitions; but there are exceptions, us in 
fhe well-known coloration of hydrated nitrate of stronthini bv ex¬ 
tract of logivood, wliich was accomplislieil by ,Senarmt>nt. tiince 
then kb Lehmann and I have proved a few otticr cases of coloration 
of crystals by artihcial organic dyes. 

By making uw of the urliflcml coinmtion of ctystals so ns to indi¬ 
cate the presence of foreign matter which lias crystallised with the 
colorless siilMaure I have been enabled to show ihnt the absorption 
causcfl modil]c,atioii in form. 

^ The absorption of foreign matter by crystals in process of formation 
is acx'omplished in two different woys; First, the coloring iimttcr en¬ 
ters into the composition of the crystal, whatever may be its degree 
of dilutimi, and is sbured lidwecu the crystal and the liquid; second, 
the coloring matter is taken np by the crystal only when tlio liquid 
beromes saturated, 

Tlie two processes may go on simultaneously. The study of certain 
pmjK-itii-s of colomi crystals, particularly ijohdiroism, and the law 
of division, shows that the coloring suhstance in the fii^d ca.He Ls found 
in the crystal in the same state as in the lit|iiiil: in the sccomi, on the 
contrary, the coloring mailer Is in tlie crystalline slate, nnd we have 
to do then with a regular graiiping of the crystalline particles of tlio 
colorless sidjatiince with those of the coloring material added to the 
molhti- lir|iior. 

Lend nitrate is colored by metliylcnc blue in the second manner; 
it appears in cubic crystals with the trjglyphic stria.' of pyrite Jii- 
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stoad of in octahedrrjris. The jiUKlificutions in the vrystals of this 
salt jmHiiired in a mother liquor which holds methylenr hliie in siilii- 
tion, show that capillm-itj? does not intervene to pnxiijee them. In¬ 
deed. in a Milution depusiling lead nitrate and saturated with methyl¬ 
ene blue, without, liowever, giving cryatals of this latter substnncre. 
tlio ciystals of tlie nitriite are not at all moflified. They are in octa- 
hedrt^ns and colorless, but as soon as the coloring in a tier begins tu 
cryKt.nl|{v,e syiirlironously with them the cube faces apfxiar and dually 
are fotrnccl to the exclusion of all others. Nevertheless, the surface 
teiLsion can mA have liecii changed since tlie quatitity of niethylrne 
blue has remained the same in solution. An intere.siing fact is the 
inequality of ahsorpLiun of the foi'eigu nuitter dissolved in the 
mother liquor by the different fares of the crystal. Tims, on the 
mrlabwlral faces of the lend nitrate the iiieiliylene blue is not at all 
deposited, but only on tbe faces of the cube and the pentagonal 
dodecahedron. Similar examples can be cited which explain the 
appearance, frequent in iniuerak, kuown as hour-glass structure. In 
the case of cubic enstnis, of all the possible faces it is only lho«o 
which absorb the foreign matter wdiich will develop. 

The idea winch first comes to mind is tJmt the molecular stmctiir® 
of the crystal pkys an important part in this synchronotts ciystal- 
libation. It is not so at all; different fureign sttkitnncos may h« iib- 
^rlwl by diffmmt faces, and in such cn-ses the habit of the ervstal 
is de[wndeiit on these diverse substaucesL If one causes the colorless 
.sulAltincc to cryst!illi7,e in a solntirm cootniniug two colors each one 
ginng cliaracleristir forms, the ciyst all illations thus oHainetl will 
l«! the two combined forms, so that one and the same crystal is eom- 
IH.S-.1 of pyramids or of prisms of different colors. Thus the citsh 
tnls of urea iiitnilc columl i*y uictbyleuc blue and picric acid show 
if the ciystalliaatiori has b«n cHrefidJy «indiide<l, vdlow triangular 
IirismB corresponding to the faces g' and y, and hlne trlangukr 

prisms corres|»ndmg to I he prismatic faces of tlie monoclinic 
isys^tcill. 

Xfit only may foreign crysinlline matter Is? absorbed but also the 
liquid matter added to the mother liqtiid, and even the molecules of 
the latter may also pass regiilRrly into the crystal to modify its form 
I liave been able to show this fact by crystnllizing phthalic add in a 
solution containing ethyl nlcohul* J’liis explains why o ciystal oli- 
iJiined from different solvents may show different faces. 

Consequently a crystal, very jm're in appearance, tmnsjmrent. and 
withfiiit incl usions, tuny coiitain foreign matter, and in the case where 

• To Hhew iIiK ti la GDoiii;ti to talc a colonel liquid, ^ut with ihe ciceiitlouTf 
Iwomlne tLia% la no liquid whieft Has a at tl» ohtlnary t«in«n,. 
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it ii- tlie mcltlll^r liquid which k uhfiorbccl its purificatitin is inipoitsiiblG. 
Tlt^ solvent must !» changetl. 

When the crystals nf a determined snbetance nhtninod from two 
different solutions do not present the smme forms, ti is incontrovertible 
that in one of the eases, perhaps in both cases, since we Jo not always 
know the form of the pure crystal, there has been absorption of the 
tiiulceiiles of the mother Uqnor, .Sometimes it is the water which is 
uiisorluHl, and this water Ims been regarded ns water of crystallization 
OP as water of const i tut ion, according to the tcmperatiire at which 
it ts driven off, 

Wiien piii'iiication k attempted by refnystallizntion, if the foreign 
sulistance which passes into the crj’stal is piiesenl in small quantities 
in the mother liquid, the first or the last crystals formed, according to 
the mode of synchronous crystallization, will be the purest. Tn case 
there is a divd-sion of the foreign luntler lictwecn the crystal and tlie 
liquid, if the coefficient of its poluhiUty in Uie crystal and the liquid 
are knowm, the number of epystailiKttlions ilemamled for tlie pur idea¬ 
tion of the crystals may be calculated under proper conditions. 

V. 

Tb(f natural ciystaLs appear in stirli varies] hnlnls lliat Ijcfore Rome 
do I’fsle no one could see the constnric'y of forms, anti the genius of 
IImuj" was necej^snry to establish their derivation. It is known that 
ordinaiily ttic crystals of tiic same de]iosril anti of the same genei'alioii 
are identical, and that those of successive deposits or generatioiLS iiiaS' 
have different doiuinant forms. All these differences may l« ex- 
plidritsi by (ho rapidity of crystallijjation, but cHpcciiilly by thecon- 
stiuiL prcHctiro of foreign substances, rnfortimntely it is tliffieidt tn 
detennino the nature of iho Intter. since the results of ftnulyscs made 
up tn Ihr present time have little value in solving tins problem. 
Indeeil, it very small qiiiintily of matter is required to nullify the 
forms of n ciy'stal; sometimes on amount even less than one-otic thou¬ 
sandth of the weight of the latter is suflleicnt. 

Ill every case, whetliGr wn have to do with natural or artificial 
erj'stiils, wo need to determine their form in the pure state, a fnnii 
wliicli ia constant and wdiich I have called fundamental. It may be 
distinct from tlie primitive form chosen by crysinllogi-aphers. 

In dosing. 1 Hhidl observe that the substnncte prepared in hilwru- 
torics set'ni rarely to show the mimermis modifications of form, sti 
frefjtient in the natural crystals. This is due to the fact that the 
nrtifjelid (rystiils are prepuretj nlniosi always in the same maimer, 
with the same reagimts and i-oiisoquently with the same foreign sub¬ 
stances in the mother liquor. In nature, on the coulrarv', us the 
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analyses of mineral waters sLow, the compoaition of tlio solutions 
which deposit the crystals of a given substance varies from one 
region to another as much in the quality as in the quantity of the 
different dements dissolved. But al] crystals do not lend ih’cmiselvcs 
with the same facility to these modifientiona uf the faces; iind just 
as there exist in nature bodies like calcite which possets the moat 
varied habits, there exist also artiHcial compounds, the crystals of 
which may appi^ar in a great number of forms depending on the 
condition of eiy’ataUisntioii, as, for example, pbthalic uetd, lueconic 
acid, nitrate and oxalate of urea. 
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I. l^T^lcmUCTtOS. 

Diirinp tlie ln5t tw('nty years or so the chemical investigation nf 
rocks hm niade great atlvaows. and it is now genera 11)' ret^^ogniKcd 
that a knowledge of the chcmica! comjiosiiion m as essential nH that 
of the texture or mineral composition, if not more so, for the proper 
classilicatiqn Qt rocics oriel study of their origin and ixdation&hips, 
Itof^k analyses have vastly inenfosed in numbers and, whal is of 
grt^flter impartamre, in quality. New ami improved methods permit 
of "Traier iictrin'ncy (fian w^tn possible in the esirJy days, and tite Imt 
of cbemicnl cousLituent^ frcfincntly detemiined has risen from the 
seven or eight of the greater part of the iiinetc^aith ctiitiiry to tweiUy 
or more. Indeed, rock aitalyae^ with detenuimotions of so niany con¬ 
st it utents ore now commonly tuade by ilip ehemisi?i of the l"n1te<l 
States and Australia, while in Germany, Gnmi Britain, France, and 
Italy the rarer constituents are tletermined more frcupieiitly than 
fo^ne^h^ 

As w cQiiBeqijence of this modem, accimite w'-ork, it has been dis¬ 
covered that some eleinerite which were formerly supposed to be rare 
are of widespread occurrence and atv, often present in considerable 
IImount. The fact is further being developed that the cleinenta tend 
to show certain relations of occurrence or ahundance in txinneclion 
wiili each otben This is a fact winch is applicable to the rarer ele¬ 
ments, imd which also finds a broad geologifal and pctrologicjil 
expression in the nsM3gnitioii nf petrogmphic provinces. We an? 
I>eginning to obtain some delinite, ihoiigh as yet mdimeritaiy, know I - 
4Hige of the distribution of the elements among igneous roiJis. 

" lieoHiiteit |>eruitf^ion from Bl-^rnolliTr TliiUotlii of the Aniertc-Ho lai^tltirfc 
nf it Ini Koi^iJiecm Xcw Xo. Septeoilier pp. ; nbvt in 
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Some of the results iilong liiesc lines obt&ined by study of the 
vost aectiinulatioii of analytical data now available are well known to 
pelrolo^ists^ while others do not to be so generally undepitood. 
To the nonpetmlogi^t they are, naturally^ mostly imknown. and, ns the 
general principled involvtrd. aiidT indeed^ dome of the specific in- 
stances, have a more or iinjiortant lienring on the oceniTenoe and 
characters of certain deposits of metallic ores and other economically 
important tninerab, a discussiuii of the subject may he of interest to 
mining engineers. 

Indeed, to the observations and operations of mining engineers 
and milling interests generally, the petrologist is indebted and must 
look for some of his data. This is especially true of those relating 
tu the precious metals and other? of commercial importaiMHj. the 
amounts of which usually present in r(.K!ks are so small as almost or 
quite to defy detection by ordinary [mal^'tical mclho4ls.j and whose 
prciicnce b often revealed only tltrough search for and the exploita¬ 
tion of localities wherr they have undergone concentration. It roust 
be premised, however^ that our knowle^lg^' is at present very uneven, 
allowing fairly and detailed generalizations m regard? ?0tue of 
the elements, very rudimentary or general one? as regards others, and 
again allowing almo^rl none at all. 

in chemical cosjrosmnx Of bocks* 

The firs! and uu^?t imfiortani fart to lie of igneoos rocks is 

that-, with the excejitioii of some rare ore Iwlies dne to the differentia¬ 
tion of igneous magmas, they are composed aliuost wholly of silicii 
and silicivtes^ Tlie vast majority of igneous rfjcks are siliciite rocks^ 
ill which silica forms the nicfeit pi-oininent and the never-falling con¬ 
stituent. Most of the minerals which comix>se tlicm are combina¬ 
tions of silica with varion? bases, and it ia a striking foot that the 
ninnber of mioends which go to make up the majority of igneous 
rocks, and which are mo^ abundant and nuji^t often met with, is 
very srinalL 

The proportion? in which these minerals moy Ise present vaiy' very 
widelyn Some rock? are known which are coni]iosed wholly, or 
practically so, of hut one mineraL CombinatioiL? of two are not 
iiifre<iuent, while mead rocks contain at lea.?t three, and u?tially many 
more, minerals and in the most widely diverse proportions, ft 
fiiilows, therefore, that the chemical composition of igneous rocks 
tnny voiy within very wide limits, ns regards any or all of the 
chemi^l constituents t and that, furtliermore^ KOme rticbs may be of 
very simple chem^ical composition w^hite otliern may he very complex^ 
with many cousrltuenta present, since the minerals themselves may 
bo fiiher vi rj- simple w liiglily cDmplojt b cheniical (»mposition. 
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Tho most icdfKH'tant di™icfll constituents (stated as oxides^ in 
accordance with the tisubI custom) wre as Mlows: SilieSj SiOj.; 
aluQimii, Al/)ai ferric oxidc^ ferrmi^ oxide, FeO; magnesia. 

MgC>: lime, CaO; soda, Na/l; potBsh^ 1^=0; and water, H-O* Some 
or all of these nmfcir constituents, as they are termed, are in variably 
pr^enti m far ns known, and eollectlveij'^ they constitute atout 
f>er tent of nil known i*oeks. The chief oxides, from silica to potasli 
Inchisivet enter into tlie cofiipnrilion of the mtjst inipodant and 
rao^t eoinmowly oceurring mek-forming nijnerals. as well as the 
glass of imperfectly crystaUiKed rr^eks. 

The role of water is somewhat differetii. Ti would to be 

universally present in the tnagnirt^ nnd iti^ presence (along with lliat 
of other subnlarice^) lowers the freezing point and increases the 
tendent^" to crystallization of the liquid luasa. Moj^l of this water 
is lost if I he tiipgn^ia reaches the surface and it appears in thi" enor¬ 
mous cloiid^i which accompany volctinic eruptions imd the steam of 
volcanic fiimaroles; and much of it also et^apes if the magma 
solidifies beneath the surfact;, giving rise to ^jubterranean w^ater sup¬ 
plies, which are held iiy mnny to lie an impnrtoni faelor in the for¬ 
mation of many ore deposits. A small projainion of the water 
originally present niay remain hi the solidified rcM'rk in a combined 
form^ as pari of the more complex mineral mnleci|lcs» those of 
pyroxem^. amphiboles, and micas, for instance; and Home may also 
remain as indusinofl of water in the mincriils of intrusive rocky. 

There are almost invariably preHcriL in igneGiis rocky snuhLl amounts 
of titanium, phosphorus, and manganese^ tUougli thi^c an* ufieii 
neglected and thus overlookwi in the less complete analysijs* Carbon 
dioxide is also met with, but its presence, ns reported in analyses of 
igneoiifl mck$. is almost invnriably due to decomiKK^itiottr and it can 
not be usually regarded ns an essential or original constituent of 
rocksu 

In addition to these most important constihirnts the refinements 
and increasing completeness of modern rock imalyi^is show that many 
others are frequently present, often in scarcely more than truces^ but 
again in very appreciable quant hies. Tho mtisl important nt these 
minor elements are zirtmiiium, sulphur (ns sulphides and as sulphur 
irioxidel, chlorine, fluorine^ vanadium, chivimiuni, iiickeb barium^ 
strontium, and lithium. Exceptionally, others may be determined^ as 
boron, cobalt, iropper, gold* siK^er. molybdenum, the metals of tho 
cerium and yttrium groups, nitTogen, and others. Indeed, as Doctor 
llillcbmnd* says* ^a sufficiently careful examination of these rocks 
wfiiild show' them to contain all or nearly all the kno-wn elements^ 
not necessarily all in a giren rock, but many more than any one has 
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yt?t found." Tb<!: rt^^urchoa of i^'Uiulber^t^r, Stclzner, and Dkulafait 
also point to \ht gama conclusion. 

Comidcring the quantittitive difitribution of the major constituent.^ 
siiicu is HimoiFt in variably prtw^-nt m igneous rocks, and almost 
atvvays in greate^st amoimt. In general, the pemeniage may vary 
from nearly 8l>, as jo grtmite^ nnd rhyolites to a minimum of aliout 
24 per cent. lodcctL it may even form lfX> per cent, if some Hikes 
consisting whoJIy of quart/, are really of origin, as is believed 

to be tlio caset while in s^ime orisi derivetl from igneous mngtims the 
amount of silica may dmp almost to zero. Alumina is usually the 
ncsl most abundant eonstituent, the perrentagi^ varying from a maxi¬ 
mum of [ibout titJ* 112 * in some conindnm-syenite^ of SilK'ria and 
Canada; to a mininiuin of saero in certain rocks composed wholly 
of olivine* Tlie two iron oxides each sliuw maxima of about 15 [icr 
cent, except in the mre iron ores due to magmatic different in lion^ 
where they constitute together almost nil the rock. Magnesia attains 
maxima of fi-ciin 45 to 50 per ijqitt in duniU's oi ^^ew ZealutiLl and 
Kortli Carolina; while lime reaches a maximum of about 20 per cent 
ill the anorthosites of Canada. Iron, magnesia, a ml lime nut 3 ' 1w 
practically absent in highly siliceous rocks, like granites and rhyo- 
lites, ani:l in smuc syenites. Soda ma^" be present up lo li pvt cent 
in s{}me rare rocks in which ncphclite is abundant: while piUiLsh 
atlaiiLs a maximnm <if only aliont 12 per cent in some tmii 5 iijnl rtieks 
rich in leneite, which are found in Itnty and in ^Vyomiug* J 3 cjtli 
the alkalies may be wholly wanting in rocks com|>ose<l CKsenEially 
of pyroxene «r olivine. 

The amount of water preseni in wholly crT=rtaUine rocks seliiom 
risfe* above 2 per cent, if the rock is minlteix^d, lliongli wentheriiig 
very mati^rhilly increases this quantity, and high ligunss for waUT ore 
uhTially to bc! attributed to this cause. But some jicrfecth^ frcfih, 
glassy IftVK-H may curiy^ up to 12 per cent of water, wbie Vt was unable 
to cscafHi from the magma owing to the rapidity of solidllictdion. 

Titanium dioxide may rimdy reach figures of iibout <> [wr cent, as 
in some basalts of the w^Shtern Mediterranean which I am tiow investi¬ 
gating, but is usually present in much lc?s quontity, iboogh it is 
hcldom or never entirely absent. In some tiianifi-rtms iron ores of 
igneous origiin ns tho^ of the Adirondackn and Norway, it iniiv even 
reach 18 per cent. The amount of phosphoric pentoxtde is nirelv 
over 8 per cent, and that of manganous oxide is scarcely ever abovo 
I (>er cent, the higher fipnnes sometimes reported for this latter 
stituent being filnuMit invariably due to errorfl of analysis. It h but 
teklom that either of these three is entirely absent. 

rhe maxiiiium amounts of the other minor constituents may lie 
briedy aUcuUon wUl Ihu^ Ixs c^Ued to their relntiv^sly great 
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ruriiy< U licini' iinJcj^tcHuJ that the mnxinia are saklrtiu altaintd and 
Unit very finjMi'ntly tlit'iie n]cnu*nt:^ are wholly 
Ziro'iuuni is nincli lefai euianion thnii Uie dietiitetdiy related 
titJiinnin. anil seldoin exceeds O.iM per eeiil. tlioiigli in siinie very ex- 
tejn tonal oaiw it may mi eh 2 per t'riit, Cliromiiim «»I«lom own is 
in anioiints iikive 0.5 per wtit, ihoiigli n few rocks are known in which 
it is retHirtwl ii> range k-tweeti 3 imd S fm-r cent. Mekel seldom ex- 
wihIs (1.20 per eeiit, ntid the allieil eobnit is scarcely ever present in 
more than more traces. The maximum amoiml of cojjper found in 
iinaiteivd igneous rocks may Iw placeil iit about 0,2 per cent of CuO, 
Uariuiii III most tilwnys exceeds strontium in qiiantHy, 1ml only very 
exccptioiniliy exceeds 0.25 per cent, though some rocks ore known in 
which about 1 per cent is present; while the mnount tif strontium is 
nsuiilly much less than 0.1, but mny CN.x.iitsi<)na!ly reach 0.3 jjer cent 
in the r»H>k.-t very high in hariuin/ Although figures of 0.1 or 0 3 
p<T mu Inivc l*een rt'portcd for Jithiuni. these are somewhat doitbtfnk 
and it seddom taxmrs in mnre thuii spectrasoopie tnnres. Snlplitir and 
chiorine may Imth lie present up to 3 [xr rent or slightly mote, but 
Imtli usniiliy ncctir only in tenths of a per cent, and the latter amount 
is the maximum for tliioriiie. Of the other iniiior constituents the 
so siiiflll usuflll^' to lii* irtfiigTiificRfit oscBpt 

to tlicir ju'tuni 
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Tlie psiiination of tlie average com posit ion of igneous rocks as n 
wjiole is not :5iieh a simple matter ns may Ih' thought at first, because 
of several comidirutiiig factors which sJiould laj taken into account, 
and certain correcrlioiis in some of cuir data which slintild lie made, to 
obtain fairly satisfactory resultiv We aix? not yet in a position to 
make precise allowance for tlu^. into tlie diwufsion of whicii we can 
not laiter hen*, so ilnil the nsiuHs so far obtained can U* ivgardwl as 
but first approximations, only rougldy correct, but of some value. 

The most n-i«i-nt and reliafik* calculations arc thiw made mic- 
cessiveiy by Prof. F. IW Clarke, of the I’nited States fJeoIngical thir- 
xey, two of the igneons rocks of the UriltsU isles by Prof. A. I Inrker, 
of Canibridgi*. aitd one made by myself sonie Years ago.« 

ClurkcV [attest *‘stimtiie is liused on more tlian n thousand analvacs 
of iginaiijs rocks of the (Tnitcd Stntea rnadi- by the chemists of tlie 
Uologmul Siin-ey. and mine is based on nUut one lliousand eight 


^ \\\ 


i l£ifki\ IfLilh+tlu of tliL* L', W, teiH>lf)gkTLl StirvPv, ’So. 14^ jj. Vi ^ IS^rri - 

vol, [ 1 . 1» iiaiO); Ten. tun. Roeks of |„ 4m (ItHHi; ii. s. w'ariiioe- 
mu. I*r«fcsHt..iixil J-ajier .No. H. V. s. G^Unakii) j.. lUH i J u,„ 

at oi,jauw,l In (^,ilrii]ailoioi ot the nvcmia. mk. lmi,al od a.., re tluiu 

tliriN# tbmisftud flimlyses, hat Hits Is mjt j-« miiiij: fgr jiuhllcattgu. 
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Iiundred analyses of igneous rooks from all parts of the gJobe and 
made br many analysts of various nationalUieii. These are sho'n'n. 
nespcctively* in ooluiuns 1 and H of Tnblu I, outy tine moiie important 
constiUlohIs being considerw] and tlie wUuie being reduced to 100 [ler 
cent. Harker's estimates are omitted, but in general they eotifomi 
to tliose here presimtet]. 


Tadle I.— AerftfffC bf jffwrou* 
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Tt is evident that the two qw? very closely alike, the only noteworthy 
divergence being in the amoimt of silica. The UigUer figure in I 
may 1 k;> asi'rilHal in pari, ns pointed out by Clarke, to the inclusion of 
many separate silica deteniuiiations., 'which were undertaken on rocks 
comparatively lugh in this constituent; in part to the indusiOM in the 
estimate of some nnalyafs of silicenus gneisses and schists, rocks which 
were not regaidcsl in my estimate; and probably in part to the fact 
that in Clarke's evdimate only rtJcks from the United States were 
conside^. Uut notwithstanding the slight disercimneies and the 
iinwriBioty introdmwi by nonallowauts for the disturbing factors 
mentiuiuMl uliove. the results of (he two calculations are so concordant 
that we may feel n high degree of confidtnu; In the belief that the 
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dat-R ^ven here jipprtixiniate closely to the nveragi* coiii|KiHjtiflii of 
the- accessible jgttcutis mcki^- 

Tij column il 1 are ^ veil the results of a more ron>pIetc estiiniite by 
GUrke, wbich inducies the minor constituonts frcfiiiently present in 
iguwitH roeksj but wbicb lire only dcieriTiineil in tbe more coiiipletc 
analyses^ as those made by tbe clieJni±its of tbe Uiiitctl States Cko- 
lugicsl Survey* It Tn'ill be seen that the data are in agreement with 
the general composition of tUe most common rock-forming minoraR 
their constituentS| silica, alumina, ferric and ferrous oxide:?, magne^u, 
lime, sodot pomsh* and water, making up per cent* 

Tlie estimated amount of cnrtKin ilioxicie is midoiibteilly tosi bigli, 
and is due to the numlier of analyses of altered rocks which were 
included in the estimates* 

We may csaminc the matter further and, rci^olving the oxides; 
into their eknientary components, a&EXTtain the average amounts of 
the elements in the igneous crust of the earth. This problem has 
been studied by Clarke in the papers nlrcaiiy cited, and by Vogt ^ in 
Norway* Tile results of Clarke^a latest calculations are given in 
column IV of Tuhle I, the ligurcs indudiug those for the minor con¬ 
st itnenl-s of coluinn III. just nolicccL In mi earlier computation 
Clarke introduced esticnate:! of the olenients which make up the air, 
ihc water of the oceans, and such nouigneous rijcks as limoHtonc and 
coab But the introduction of thc^ intn tlie calculation docs not ma¬ 
terially alter the final results from thcBie given here, in which they are 
omitted^ since these liodies are of relatively very slight quantitative 
importance cotn[jared with the whole mass of known rocks, how^ever 
large they may Ifaiin to our eyes. Ore bodies also are quite negligible 
in this connection. 

These data show that oxygen composes almost one-half, silicon 
more than oue-ciuarter, and uhiminuiu about oiier-twelftli of the 
earth's crust (the tliree together amounting to ^^.3 per cent)* while 
iron, CH kilim, sodium, magnet uni, peUnx^imn, and titanium follow 
after in the order named in decreasingly HUiall amount^. Thus, 
only nine elements together ironstitute ilW per cent of the igtieons 
ernsb This is certainly a very remarkahk fact, and one dnubtlesa of 
great significance for the proper understanding of the true constitu¬ 
tion of our glolM% i!OuId wc but interpi^t it ariglit, us some day Ave 
may hope to do. 

The relatively high position nmipicd by titanium, ninth on the list 
in the order of ahundanee, is also a striking feature, as this element 
IS comnionly supposed to lie rare* The establishment of this fact h 
Iarg?ely due to the accuracy and completeness of the jxick auulyi^ert 
made by the diemiste of the United States Gfeological Survey, and 

■ J, n. Lu ZeitisclirirL fQr ptuktlsclie IjCCiIo^Ic. \^tK ai4-3£rj (JiUy 

piDil aclkOHubarp 
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il^i jihLiiiilLiiif^^ wjiHi iinsuHp<?irlty:l lifrfure I hoy I heir long 

uf excelleiU uiiulvt^^i, thou^fli stri u jilc iti^l rlbiitioii 1ut<1 Uk'Ii 

notetl. 

It ifr n]?io noleworUi\* Ihnt* wiih lhr^ exception of iron, iilnmitium, 
fnitngJioc^* uin! nickel^ none of I he luetuLi otiiinnonly umxI ns snth 
appear in the IimL while olherH-, which are of very limited pnu'tieiil 
nppliciitionT tire pre.seiiL While nearly, if not quite^ nil of the ele¬ 
ments are pre'Siminbly present in igneous rocks* the iivemge aiiioiiuts 
of those uni given in the list are so extremely isniall that they mny 
be regarch'K.t nts minor corrections to be applied in the fntin^ to cer¬ 
tain of lieci* given, slow nearly all u( them Wfiiilt! Ije precipi¬ 
tated and weigheil in the coarse of analysis with some of thtise more 
abundant. 

In the itn|>{>rtarit pa^^er cited above, Vogt Iia^^ cUscuased tlie probable 
amounls of ihcfie missing elements, tnii;| a brief Htaiemcid of tlnjse of 
his results wdiich pertain to tin* more tiiija^rtiiiit tovtaliorgical dementi 
may be gi ven, 'riie cMimate^. it must la? premtsiah an^ but a]jprox]- 
mation^^ and only indicate tJie magnitude of the several anioLiiils as 
perrentages of the earth*s cru&t. Ihil they serve to show the avernge 
extremely small qtinntitie^ of many metals imd other elenients which 
fire iisnally n’^garded its ruiUe ronicooti or at least not very rare. 

The ^wrcimhigc ajiitmnts of tin, zinc^, and lead aire espressetl by a 
digit in the third or foortU decimal place, that copper in the fourth 
or llftlu that of silver in the sixtli or seveutlp that of gold in the 
seventh nr eighth, the omoiint of platinum licing alHaii the same. 
Mercury is rather more abiiodant than silver, .'tnd arseiiict luititnony, 
tnolylxleuum^ and tungHten less than copper and greater than silvery 
while hismntlp selenium, and tellurium are 1^ abundant than silver 
but menu so than gidd* 

lin rETHOOH.VrHTC ntO\TNr'E5U 

Jfnre than thirty years ago Vogelsang*^ pointed out that the igneous 
nK‘kM of ccrinin dLstrjd>i—called by him geogTiostiit<'be llc&irke— 
s^howiai certain textural nr mineral characters in common, which 
served to distinguish them from tlie rocks of other districts. Tlic 
same idea was exprest-ed later by Judd.*^ w!ii:i intrtKlucctl tlic term 
polnigraphio province, and was afterwards elalxirated hy Iddltigs,^ 
who likened ihe districts of similar rocks to fauiibes tirid rt^fermi to 
their relationships as “ Con^nguinity.^' Xeithcr Judd nf>r Iddingn 

* H, VogcJKuoiffc ZifliJiclirlft ilcr OeutiKrlien geulriii^HcheH izbi^llseLmfn voL i!-s, 
JIo. 3; iK i .May-Jiilj% 1ST2J. 

^.1. vv, Jadtl, (jaartprly Jonmal of Oeolr^icEcal Snelety. tiA. 42, pi- K Ne. lOGp 
0- M iFcti. 1. iNSfii. 

J. E^ [dillahi^, Rullella of tUu E^bUieiai^liitrul itoclpty of VVaAliiii|;ton< vuL 12, 
|i|>, 12:S-141 LlSa2p 
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.«ecins to have l>pt?n nwni^ of Vci^'lwio^^s prior publk^ation. The til's! 
two !^! ii ton lent s refriTeil only lo g'l^k^girjil orciirR'iiL-e a nil to text ii nil 
El ml iiiitieralo£ri<-iil pernliii rule's; while liidings, writing tit ii time 
when the dieinistry of reH^ksUrid begun to assume its due prominence 
{largely ciw’ing to the esimest lalxirs of the chemists of the LTiiited 
States Getjlogini] Survey)* * shnwed that the rehitiondiip is also itidi- 
eatpil by the chemical oonifKvsition of the various roeks^ and is fnnda- 
nieiiLuJly dependent on this, am] he t^Jiii^uently tkvotes mndi space 
to the chemical evidence of irohsaugnilnity. 

The iloctrine of consaiiguiiity* as it iiia_v lie termed, has now received 
gencnil ncct'ptaiice, and it is comiiionly reccigniml that tlie igneous 
anais r^f tlie earth's surfai'e are divisible into districts the rocks of 
which show eerlain feiiturcs in common which serve t<i distinguish 
them from those of other diMtrkts, It is alsii a^Hioucd that the jKisst's- 
sion of ihes^e ctammoti features^ espeettdiy those de[>eridonl on the 
chemicMl coinj^tisilioii^, indicotis that the rocks of a given liistrict 
have a conimon genetic origin: that is. sire derived from a coinmoo 
parent IkhIv of niugmu. I1ie prex^e^sses by which this dilTerentialion 
find derivatinii from a common magma are brtuighl alioul are still 
tjlKwiire^ iintl form the subject of much inotlern investigation and dis- 
ciif^ion, into whirli we can not enter here* Such areas of related 
rocks are ll^^lJalIy t^llecj petrographic pmvinires* though the lenu 
foniagnmtie region, which indicates more clearly their derivation 
from a eonimori niagmoT has recently been introduced.^ 

Thoitgli jHitrogruphic provinces represent one of tlic prominent 
phases of the distribution of the elements in tlw earth's crust, mid 
thougli their existence is^ in gymenil, iirKkniLibk. yet their diameters 
ore so complex and made up of so tnotiy factoid that the characteriza¬ 
tion ill most cases can not Ire made very precise or the limits V 4 ^ry 
sharply drawn. Their study ia still almost in its infaiicv, and the 
nccuniulation of many more data^ especially from the aiinlyticiii side* 
is needed before ileJinitive stiidics can Ire nncki-taken* and the charac- 
lei's of any petrographie province Ire jirccisely defined. 

The geological evidence of consHiaguinity is ai times dear. Thua^ 
as Iddings* says: 

Tire conEUont Tecarrence of parHf'ular sertcft of nKkfl> oftm with a vertatn 
Drd**r of erupt Ion In infTrmit lot-all lEiw. auU the freiiueat oceurrencre of aadi 
III uelf^hburliia evatt*rp^ of vukmuir acllvlry, wtiiilil Ire l■l|ou|:U to Justify 
tJa* Irelief tluiL ibt-^m was a Uetluito oouuocthin btaweeo the luemlrers of a 
CToup. 

On the filler h^nd» cases are know^n w^hcrc such geological evi¬ 
dence h lucking or conflictings or \% hvti* ihe ndutions are so genenilly 
observed as to Ire meaningless in this runnfxiion. 

•II. VVaa|itihi^ti»n. ramciile UiihMcatlfui Xiu fu^ p* llQOfi). 

* I.OC. I'll** p. 4 ' 6 . 
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Geiohsgiciilly Jij)€aikiiig* ii p^tm^raphlc province may belongr lo any 
pcriofl of Ideologic time, or niwy ctiiiceivtibly extend over more than 
one [M'rioti. The trgiini may i*e bTimil or Jarfre* covering ImndrieJ^ 
or hundreds of thousands of square mi)It nvny l>e of any shape, 
forming an elongated barn] or sione^ w highly irn*giilar area, or imr 
more or less equidimeiiBioiiaL It may of a singlet Iflrge area 

of coiukectiHi intrusive or efFusive rochs^ or of adjacent but isolated 
areas. 

The eliemical characters whieht l>eing common to the rockn of u 
province, iudimte con^ngninity are manifold. The rtjcks may be 
uniformly high in smda or in [KHasht or in potasli and limOt loiv in 
magnesia and high in iron, gtnemlly deficient in silica, and mj om 
Tliiwgiioul one province the soda ruay inert^ase relatively to fjntadi 
as silica decreases, wliile in another the n?verst' holds goo^L Or 
again, there may lie stsme ccmdiinatiim of sudj twn kinds of eharac- 
lers^ called res|>eciively aLisointe and scrittl. The subject is com¬ 
plicated by the [jossibility of local ditTei^-iitiaiinnt sti that in a region 
of unquestionably related rooks we may meet with some whose 
characters do nc»t con form to the general law of the region* but 
whose ijresence is to be explained by the extreme ditferentiaticn of 
some portion of the general magma. 

Confonuing to the chemical features, and in gcnenvl largely de¬ 
pendent on them, ure the couimon mineralogical characters. These 
are very imyKirtant, nut so much iu themselves, as because tliey often 
enable one pracLically to detemune tlie general relationship wUhruit 
the necessity of a long series of Hnalyse.s. The mincrulogical simi¬ 
larity may be evident in two ways: Either by the general presence of 
i-ertain minerals which are rare or are not usnally found in certain 
kinds of rock, as tho rare Kirconiuui minerals* or nephclite, or 
leueite, the occurrence of hypersthene in the basalts am! andesites^ 
or of bintite in jieriiiotrtes; or by certuin j^eculiarities of color, fonut 
or other cliaracters shown aiuorig tlio more usual mineral gTunjjs, 
and whicli are dependent on llie introtluctiou of certain chemicMl 
constituents into the molecule^ as brlghl gn»eii* ph.whroic: augitcfi or 
blue hornblendes* due to their containing much soda* purple augite^ 
or n?d‘bi\jwui hornblendes^ due to litaniuuu and so ou. Here aguin 
the powiibilities of difference are numerous^ hiit the mineralogii^l 
evidence of relntiotuildp i^ often so marked as to hi* uuniistakablc to 
Ifie pclrogi-aplier, 

A gf.M>d illuiftration of such petrographic provinces and of their 
distribution m furnished hy the United States, which may Ik> Ij-ricflv 
described* thongti our know Ictlgc is still incomplete. Stretching along 
and rather close to the Atlantic const, is a ^one of snmil* istilated 
areas of igneous rt^cks which are clvicQy characterized by a high con¬ 
tent in soda^ re^^ultiug in the common presence of nepheliie-syenites 
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And otlit'r rnrks triMitwitling ncplielite, peculiar liomblendes, and other 
mineral^•ilarn^:te^il^tlc of such maginas. This zone includes areas in 
QueW, Xevr Erigluiui^ New Jersey^ ^Irkuusas, Texas^ extends into 
eastern Mexico and the \Vest Indies, and probably iis far south us 
Brazil and rarugi.itiy. Parallel with this, but usually farther inland^ 
is a !sec<jnsl zone of areas of rocks which are low in silica and the 
ulktilioH^ but high in lime and iroD« Thi^j starts in the great imorthf>- 
iiite area of eastern Canada uiid l 4 ibradtjr^ appears in New* Englatid, 
the Adironilacks^ Deiawarcj Maryland^ and extends to (Teorgia and 
possibly fart her iceuiLli. The r-ooks of this region iim typically gal>- 
luxks. ilia bases, and pyroxeiiites^ dunite and other jx^ridotites, with 
mmo granites higli in lime, and are often accompanied by very basic 
ores and other |)rodncts of diiTemntiation wliidt are very rich in 
iron and titanium. Farther inland and west of the Appalachian 
JhiTig^7 is another belt, les« well defined but Jipparently in general 
]jandle] to the others^ i>f witlely isolated small occuri^uces of |jecii]ijic* 
l^eridotitets and either roekit, low^ in silica and very high in magnesia 
and iron, with little lime or soda hut much potash. This last feature 
give« rise to the cxuniiion presence of peculiar micas* which dLs- 
tinguish these peridodtes mineralogically fmni ihosi' of the preceding 
reginiL These areas cxciir in Q.iiel>et\ New York^ Pennsylvania, Ken¬ 
tucky^ Arkniisas, and probably still farther south. 

Passing over the hroiid central part of the continent, where igneous 
rocks are very sparingly present, we find a province eatit of ihe Roi^ky 
Mountains which i-^ characterize^l by high alkalis, i^p^icially [>otash, 
thai the iisoally mre mineral leucite is here quite commom This 
n-gion is licst known in Montana, M"y™iing. uinl Colorado, and may 
IxDcviihly l^xtclld into wenteni Texasw In the region of the Rocky 
.MoiitiiaitLS and the corclilleras generally the octalrrenctri of igneoii^ 
rucki> aje sti niiinerous and the relations so complex that it is some- 
whnt didirt]It to nnravel the various petrographic provinces. As a 
whole, however, the igneous rocks of this part of the coritlncnt setmt 
to Ixdong to one ven- extensive province^ whkh ia continued into 
Alui^ku on the nortli and along the Andes to the south. In geneml 
clientit-ul irhnracter the r(K?ks show rather low ulkulies, with more 
sckIii tliiin potash* rather high lime, and but tiiodeiaLe antonnts of 
iron and magnesia, k^itding to the abnndance of such ordinary nteks 
aji fidd-spar-busalts, undesiies, ebeites, and some rhyoUtesp Tlicre is 
scrfiie eviden<fc that the province as a whole may be divisible into 
several subordinate districts, but it is noteworthy that rocks so high 
in wnia or potash as to contain nephelile or leucite are practically 
unknown wi-st of the Rockj' Mountains^ There are also indieations of 
wliiit may lie a dislinct region along the coast ranges which is char- 
aelerizetl by high soda ami generally high silica * but this demands 
further investigutioin 
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A DLinibrr of pclrograjiliic province? autskle of the ITiiiteil Stales 
tiiay iilsii bp In-ieily indicatpii. One of the best known is thnl of 
southern Norway, whlpli is pro Jill nciit throiigli the classic ix-seurches 
of iSnig-jcr, the rocks of which arc chBRicterizca by liigh ulkulis, 
e5|icoially sothi, and the presence of many tniiierals elsewlien; nire. 
ihis is puiiiiibiy connectpi,! with the ix'gion of the Kola poniiLsiilu in 
itoiThern Fiidand. TJip JlritLsh Tsianiis, with the Fitenics, Treland, 
und probably Spitxbergen, fortn iinolhcr well-defined provirn-f. the 
rocks of which rejieiiiblp on the whole those of mir Kooky Mountniji 
region, though ttie^v differ in sonic respects. fAniving aside (Jeruiiiny, 
Austria, and I* ranee, each of which contiilns several petrogruphic 
provinces, the reiationij of whicli apfiear to be somewhat coihjiIps, in 
the hnstn of the Meditcmiiiean we fmd at least tliree well-dcfincrl and 
(piite distinct provinces, Tn tiie eastern part, iiieluding the fTnitian 
Arehifielago ami parts of Asia Minor, tlie nwks art* rather siliceous, 
with fuii'ly liigh lime and rtithei' low alkalU's, soda dotiiimiting potash, 
-SO tliEit dacites, andesites, iitid feldspar hasnlts are prornineni. 
Hyfierstlipne is liEtie luther cointnun. The Italian pi'iiinsiiia shows a 
seciind, veiy weli-<Ieliued province, which embrnces seven distinct 
volcanic centeixi along the wi«ft coast. The rock's of this me retiiuxk- 
able for llieir iiigli content in potash, which nt times reaches exlruor- 
ditiiiry figures, and leads to the ubuiidmit presence here of |]ii‘ 
ifiititTiil Iciitite, whicli h elsewhere liecidedly rare. Lime is also 
nil her high, while soda, ii-on, and magnesia are low. The other 
provinces of continental Italy bavn not lieeti thoroughly studied and 
an* less well known. In the western basin of the Mcditeiraiiean, in¬ 
cluding localities in Spain, Sardinia, some islands south of Sicily, 
and pndntbJy southern France, there appears lo k< a ihiixl province, 
which differs fiimi the otiicrs in that soda is much higher and thn 
nioix* basic rocks (basalts) contain voty large amounts of titaiiinm, 
and in other ways. Tills last may he connected with a province in 
eastern Africa, running down the On-nl Kift Valkv ami inchifling 
liaiis uf Madagascar, in which rocks rich in soila arc very coiuniom 
A stmiewhat sirnilur province appears to exist in Xew South MtiIcs 
and Qitecmihmtl in Australia. 

Tlie desiwiptions ju^t given, which are but the barest sketches of 
only SfHuc of those which are known, and with no refenmee to 
nutliorilics, will sarve to give an idea of some of (lie leading dislin- 
guishing features of petrfigi'aphic proviiiecs;, and how' muliifiiritmsly 
tky ain st'attered over the enrih’s surface. Their existence ond dis¬ 
tribution indicate clnarly that the underlying maguia basins, or the 
sources from which the igneous rocks are immediately derived, arc not 
everywhere uniform ami alike, but that there exists*a cx'rtaiii liotero- 
geneity in the nonsedirnentary parts of the earth’s crust, It sliould. 
however, be noted that two provinces, thougli widely separated, may 
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Iw esseiitiiiUy nlike in all their foiitiiirs, as Is ike with tiiat nf the 
PHsteni AfetliterJunPiin anil ibni whirh estends fmm the Andes to 
Alaska. 

IV. TJJK CoirHEl^\TJON or TJIK FJJ^aniXTS. 

Tlio existence of petro^^rraphic province^i is a broad plin? 5 e of the 
distrjlaition of I lie elements among' igneous mcks^ the distrihntiun 
b^'iiig f‘s?4entijillj a spaeia] one and the eviilciiCTe resting almost 
entirely on the relative pmix^rtionH of the most abundant elements. 
Ihit apFirl from thi^^- ^rpacia] distribnticni there Lscvideid^ also, a oor- 
related varbtion among the elements; that is. a tendency for ceilain 
ones to Tricneit!*e or deereasio, to Ije relatively sihundant or not, uffinicl¬ 
ing tn the presejue or jiljsenci^ of others. The causes nf this iHdiavior 
are nliscnrc and apparentl}' corn pie x. Tn part they mii}- l>e prnliultly 
referral to certain fiindamentat relations ammig the elemeiits, as 
sliotvii by the peritHlje ckssilicution and chemical affinity; in part to 
the elFiet of i?ertain physico-chemical laws leading to the niutiml 
segregation of elements utTected siniihirly; an<l possibly in part to 
tlie ifegiadation of some of the elenient.'i, as indicated by rcccnt ex- 
I>erimerits by Ramsay. Rut any discussion of the causes is outside 
the jjrovincNi! of this jjaper^ in which we can only deal briefly with 
some of the facts of distrihiition. 

lilt smdy of these mijtiml relations among the elements in ignenuHj 
rocks IS of recent date^ and has been made possible, especially so 
far ns the rarer elements gin only by the completeness and acenmey 
of modern chemical analyses of rocLs. Such analyses snppkmeiit 
the evidence atTorded liy study of minenilii. minemSogical associa¬ 
tions, and ore deposits, and. fieoling os they do with wbat must 
lie regarded ns tlie ultimate source of the ores, are uf the highest, 
signihnirjcc and iruporlance- la the following brief di^seiissioii, 
thcrefi>rc\ stri’ss will la? laid on the evidence atforded by rock analy¬ 
ses, with some reference to chemieal Miincmlogy, while ore de[Nisits, 
as being more lechoical and Iietter known to the mining cngirLeorii 
will Im? alhiLled to only occasionally. 

(’!(JTl^^idering first only the most abundant: elements, study of the 
igneous nvks in general showif that silica, ahiininn. soda, and potash 
lenil to increase or decrease together, though not always at the same 
rate; while, on the other hand, the iron oNide^., magnesia, and lime 
tend to varj^ together iind in general inversely as the preceding con¬ 
stituents* The more siliceous rocks ahnost invariably show rela¬ 
tively high alumina ntid alkalies and Iqav iron oxides, magnesia, ond 
lime, leading lo Ehe eouimon presence in ahimdance of the alkali 
fidds:[)ai^ aiiii the comparative paucity in calcic feldspars and the 
fi^rroniitgiicjiijiu rrdnerals, which tend to increase rapidlj* with dimi- 
iiution ill I ho silica contend Highly sUk-eoEi^ rocks which contain 
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more jroii. iiingncsia, and liitw than aluminn. swln, and lire of 

very exceptional ocentrenre. The rule nietitionerJ above ih so pen- 
urwily true that it imiy lie regtirdeil aji tlie norritnl one for ipneous 
rooks in general, and )« commonly acccfited us siirb in petrologj-. 

At the same lliiie. there is couaiderablc evidence tliiit certain suh- 
-ddiaiy reintions obtain among the constituents other than silica, 
whidi, while by no menus iiniversal, are at times very pncinounteil, 
and oecBSionitlJy saetii to supersede liie rnore geticriil law. Thus, 
soda not tineomiiionly tends to vary with the iron oxides, while potash 
shows similar relations to magnesiii. rMitIting in the presence of 
jmtnssium iiiinDntlH in Jiighly niiignesLnn rewks and the ubiindunce 
of sotlium nijjiernla in lliot^e high in iron. Ag^iin, while neither iron 
nor magnesia shows any marked afliiiity toward or tendene.v to vai-y 
with alutiiinn, this constituent and lime are occasionally found l<.t 
ocfjur tc^ther in great ahundiiiLi’e arid to the general exelusioTi of 
the others. These relations are also evident in certain farts of chemi- 
<mI tiiineralogy, as the usual predominance of rnsigncsinni over iron 
ill the iHitassic hiotites and pldogopitcs, the abundance of soda and 
alisencc of potash iiiiiong the highly ferriferous angites mid horn¬ 
blendes, and the numerous eilicD-uliiminates containing much ciildutn, 
while those with iron ur magnesium are comparatively very riire, 

Itut this tendency to Selective and ctirreiated variation among tlio 
clieiuical constituents of igneous rocks is not confined to those which 
are present in greatest ammiiit. It is equally well, and indetsl hi 
some respects more strikingly, shown among the rarer elements. IhjIIi 
aa compHred with those which are most abundant and with each other. 
FiirtherniDre, the distribution of some of these rare elements wquhl 
srem to have important bearings on some of the pmbleniH of economic 
geology and the distribution of ore deposits. 

Tlie general facts of this distribiitioti and variation of the ran- 
eloiiients have btien smnmarize^l in several recent piiblicntioiis,* but 
many of the details are still utiooordiiiatcd and widely scattered 
through the rairt, mass of pnlrogriiphiv lilerotnre, and tliere are cer¬ 
tain a8[>ert.s and r(>cent derelopmefits which are either uegloctcd. or 
nniy briefly alluded to. in the publications referred to. 

It is now commonly understood tlmt certain elements are prone 
to occur most often and in largest amounts in rocks which are hich 
in silira, the so-called “ acid " rocks; while othere are met with simi¬ 
larly m thwo low in silica, the “basic’’ rocks. This is essentiailv 
thc only s et of relations re^iizcti by Vogt, while I)e Ij^imay in 


* J. «. I* V^, Keltiirhrlft Hlr ttnilttlarhe tteologie, p. ttat fSaiiemher t«5aai ■ 
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nildidon to thesae two p-onps profioses two others, the mineralizing 
agents »nd the vein metiili;. 

Eviden{?<>, however, is amiimilating that the relatinna of tlie rare 
elements to the igneous rocks ran not lie eapressed so simply as is 
done by Vogt and Ih* LHUtiay, Tlieir relative ubiindance is not 
dependent tin the sili^^^ alone, and lienee referable only to the ** acid¬ 
ity nr *■ luisicjty ’ of the itiek. The reialions are more complex 
aiul dependent, not so much on the a mount of silica, as on the rela¬ 
tive amounts of other constituents, notably soda, potash, iron, mag¬ 
nesia, or lime. Ttiey ooriform, on the whole, to the general relations 
of the most abundant const itiirnts, some of the rarer elements licing 
eharaeteristically at home in the rock groups ivhich show high 
iiinmina and alkalies, and which include those high in silica; while 
others again are most abundant in the rocks iiigh in iron, magnesia, 
or linie. and which conscqueiitly iimsl often show low silica jicrcont- 
ages. Further than this, on the one hand, eertairi rare elements are 
not ia]iially at home in the olkalic rocks in general, but arc most 
abundant either in tiiose high in soda or in those high in potash. 
On tiic other hand, some of the etenicnts segregated in the basic rocks 
seem to be most ai home in those which ore highly calcic, others in 
those which are high in iron or in magnesia, though iicre the evidence 
is not so clear and the distinctions apparently not so well marked aa 
in the preceding case, 

>Ve may consider first those minor constituents of rocks which aiv. 
determinerl in the incKrit mwlem and complete analj'ses, and next thut^ 
whirh exist in rocks in such small amount as almost to defy determi¬ 
nation by the iisuiil Analytical methods, Imt whose present is mado 
known either mineralogicnily or liy their segregation in ore depasits. 
The second groiip incliides iiliiiost all of (he commercially important 
metals (exrept iron and manganese), while the fonner includes many 
elements which are assuming an increased practioil importance an 
their economic piisfibilities and uses beeoine liettcr known. In a 
funeral way the elements will he taken up in the order of their posi- 
tiMis in the periodic cla!s«ilicati<in. No references will be given, as an 
attempt to render them complete would unduly lengthen the paper. 
This course seems tlie more advisuhle, in spite of the apparent injustice 
to those whose invaluable work and contributions must thus bo ig¬ 
nored, since the present paper may be considered b,s merely a preliini- 
tmrj one to a more exhaustive and monographic treatment which it 
IS hopeil to publish later. 

Lithium is veiy widely distributed among igneous rocks, but always 
in lery small amounts. While it fraiuently is to be detected by the 
ap^trciscope. it seldom occurs in weighable quantities, and the diffi¬ 
culty of its exact separation from (he other alkali metals uml its com¬ 
parative ttuiiuportance cause it to be hut seldom estbnated quantita- 
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lively. Although such inmute traces are prei<enL in both acui and 
basic rocks, yet it is uniiniibtedly more closely connected: with those 
wliich are higlily i-iIiccous atiil ulkalic. The miueralH in wJiich it 
forms an esKeiitiiil coinpoiicnt. ns spuJiimcne, Icpiilulilc, omhlygoiiite, 
1111(1 iionie ton mm I i !]{»$, nre mpift u^en mel ivith in granites mul pt'g- 
inatilcs derived from granitic tnagnias. Uiiforliiniilely, the granites 
and peginatilL'H wltich carry tithinm minerals most prominently do 
nut ap[H‘ar to linve liccn atialyrA'd, but there is reason for the belief 
that they iirc andic mlhcr than potasslc in general character. The 
very conuniai asiiocititiori of lilhiiim irithsoda rather than with potash 
in many niinenilK also points to the same conclusion, 
lirrtjdhm is much like lithikim in its assoeiatioiis. lajryl and other 
rarer minerals tvhicii ccnlaiii it occurring fur the most pai*! in granites 
or iM*ginatiles. Fen- aiialysea esist «f sndi berrMieariiig rocks, and 
IwrvUiH has seldom been wtimaUid separately from alumtiiu in r-xk 
iii]]ily;;is, but such data us are available and the common ininei'ftlogical 
association of ixTj'ltinni and sodinni point to the conelnsion that tlie 
dement Is most at liome iu sodic nuiginns. 

Attention inay be taller] to the fact llint Ijeryl. in spite of its com¬ 
mon occiirrcrce, is nnt given in the list of descriptions of the rock- 
foimiitg minerals, such ns tlio^.- in the stimdnril works of Zirkd, 
Rownbnscli, and Iddings. timugb U'vy and f-acroix hricHy ilescribi d 
it in their work" and ii is piai-ietl on their large colored table of 
birefringences. In its opticnl prrtfwrties it closely rt^seniblcs neplicUte 
and apatite, and Ix-ing hexagonal in crystallization as well, migiit 
readily be inistoken fur one of these iidnerals. f have noted I he fact 
tlmt analyses uf iiephelilc-sycnites and other bighiv sodic iwks fre¬ 
quently show a decided excess of alumina which caii not Im explained 
l>y the apparent miiieralogical composition of the mek. and the sug¬ 
gestion is tjinde that this is possilily due to the presetice of bery!. the 
beryllia of whtdi would ajjpcnr as nhimina in the courw of nimivsts, 
unless sp4>ciDl means wen' taken to separate the two. On the other 
hand, the excess of alumina may Iw real and due to the composition 
of tlip mjijinniu 

Strtintium has l»en sliown by the analyses of the United Slates 
geological Survey tn he widely distributed in the nx-ks of tins 
mnnln-, I have found it nlm(»t invariably when looked for in mativ 
European rocks, and it is almost conataiitiv present in those of 
Australia, Ihit It seldom occurs in more than traces, and the evi- 
denw m regiml lo its distrihiilinn is ns yd inconclusive, in spite of 
the many nexlern analyses in whirh it Ls now deternnned. chiGflv 
bet|auap of I lie small amounts usually met with. Tt would appear 
to most abimdanl In na-ks somewhat high in lime ami with imal- 
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eratc to rather low siUcft, thoiigh it is worthy of ante that the highest 
figures rut^orficd for it arc in some lociLs of TVyominj^ which ntc low 
1 ft lime and c^trRordinarily high in potiissiiim and barium. Being 
but rarely a constituent nf ailicnte minenils, decisive evidence from 
this side is wimting, though it occurs witli lime in some heulandite 
uftd brewstcrite, 

ffatitim is unother element which the analyses of the Washington 
chemists showed to be widely distributed, and almost invariably in 
dwidetlly greater amoftftts than strotUium. It is now often deteiv 
mined by analyses of superior quality, and in a recent study, embrac* 
ing the rocks of Italy, the United States, and New South Wales. I 
have shown that it is specially prone to occur in pota.ssic rocks, some* 
limes when the pedush is noconipnnie<1 by oonsidefable lime, but that 
it is nirely met w'ith in notable amount iu decidedly sodic or calcic 
rocks. Xeithcr the amount of silica nor the relative jimiwrtions of 
iixMi and magnesia appears to be a determining factor of much iru- 
|x>rtaftce. This association of Iwriiiia and potassium in igneous rot'ks 
is in hamioiiy with the minrralogical evidence. Barium is u frmpient 
minor constituent in potassium minerals as orthoedase, muscovite, 
and biotitc, while iMitassium accompanies barium in hyalophane and 
hamiotouie. On the oilier hand, barium is not rejHirted iii analyses 
of sofliiitii miiiei'itls, but occftrs in small amounts in the caJriiim xw- 
Ihes. brewsterite. and phillipsitc. Baniim also seems to tend to asi«- 
cijite with matigiinese, as shown by its common occurrence in pailo^ 
iiielanc and (lie occurrence of minerals of the two metals in certiiiTi 
mines. 

Itamn is seldom or never metitioncd in rock analyses, ehicHy 
Ix-cause of the coiiiple.yily and difficulty of its exact determination, 
^pecffll.v in very small timoiints. Rut it is not infm^ientlv ]ir«^ent 
111 iveighahlc amounts in granites and pegmatites, chicflv iis a con¬ 
stituent of tourmaline. The few analytii-al data that we have of 
such toiirtnalinedioaring rocks arc not decisive, but boron docs not 
appear to have very deeidwl preferences for eiiber soda nr pota.sb. 
Its assorhitions in minerals are likewise rmt strongly marked, but 
among tlie silicat^- calcium is the basic element which mast frt- 
qtictilly aeconi]}atdes it. and isoda is nmre (jommoiily itid with in 
iKuoii^bearing minerals than is potash. Boron jg commonly regarded 
as one t»f the pricumatolytie elemcftts. 

Cerivm, ffttrium, amt the other mdnls of the .so-eatled nn 
earths.” as well as fAoriww and uranium, are only rarely deter* 
inihffi in rot’k «nalysi& Minerals containing liicm are commonlv 
associated with add pegmatites, which, indging from occurrences in 
.Norway, Greeiilimd. and elsewhere, are most apt to lie so<1ic. though 
tlio few determinations availnblo of the rara earths are in highlv 
p«>ta,<sic igneona rock.^. 

4ftT-l3*—IWJO-30 
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k. as tv{? Iinvo seen* fnr from Iwlng the nir^ elenient 
wliicli it ’ivjip formerly con^iicJeretK and it is pr^Mbly tiPv*^T holly 
absent from nny rwk. It is distiticiiy mudi more ahiiiuliint io hnsio 
than iti iicitl rcick?, anti its in the magma seem to be de- 

eidedlj rnthrr ^ ith iron than wilti ningncsiuni^ and still less with 
lime. li^Hiile it is not commonly iti^iiciated with aikalic rock.s, yet 
when these are low in fiilkn it shows a tendency to be pirsent in con¬ 
siderable ainoimt when the rock k sodic, as iiidieatetl by recent rock 
analyses; nnr] lhin tendency to u^KriRtion of titaniiini with wtlinm 
appears inineriilogicall}\ ils in the sodii-amplubolefs of which 
jire highly titsiTuferoiis^ ami in ciTtain rare minerals* as astrojdiyllite 
and roscnbuschilCH. Higlily and highly calcic rocks seldoiii 

:?how large aniounu of titanium, tlioijgh most of the mineriil tltanutes 
contain calcium n?f the Imse. 

Zh'eoninm, «> clowly allied lo titnniiun chemically^ «l*o shows 
certLiln aiiulogiej^ in its magmaiic relations. Whih nnlike titanium 
in licing rare in the Imisic rock.s, those high in iron,, mngnesiaf and 
lime» anil refernKi by Vogt to the iiciil rticks, presumably localise 
of the common occurrence of /Jrcons in j^^anites^ it is now commonly 
recogni/jctfl hy petiv>gTBphers that s^irconinm is by fjir most abimduut 
in the iwks which arc high in sotln* Indeed* zirtmninin may Ik^ 
considercfl to he a characteristic intrior chemical constituent of the 
s<kHc rocks whether the silica lx? so higli that quarts h present, or 
w^hether it be so low that ncphelite is abundant, us in the riephclite- 
sycintc-s and pbonoliles. Practically all Hinder it. complete uiialyses 
bear out this view, w^hich is confirmed by the common association of 
sodium and zirconium minei a logically, as in eudialyte* catapleiite, 
wohlerite, and the zirconium pyroxenes. 

Phmphoi^i^, as a const itrimt of apatite, k universally diffused in 
small niimuntrt through ignerma rocks, and is most abtmdant in the 
basic ones, though its relations to the coiiiftitLients other than silica 
are not clear, f^tudy of large etdlections of analyses indicates that it 
is usually, but not always, a^iiKK?iated with high lime, rather than 
with high iron or tiiagni^ia, and in ssjme distinctly sodic pro’llnces 
the more basic rocks with high eotla and abundant nephelite show 
high figures for phusphunis pentoside. Some of the phosphates are 
met with in grnnitk und syeriitic pegmatites, 

Van^dlnm has been shown by the researches of Hillebrand to be 
quite widely distribiitcdt but alivtiys in very smull amount ami aU 
mo§t w holly confined to the ba>ic rocks. As it exista as the sesqiii- 
o-vide* VjQj* replacing aluniinu and fcrrUi oxide in ferromagtie^ian 
mincmis, it is espEK'ially abundant in rtjckp compo^d largely of 
pyroxene^ hornhleruleH. or biotile* while it h present only in traces 
nr not at all in rocks very rich Sti olivine, where the iron is present 
mostly as ferrotii; o.tide^ as in the ixjridotites. It is associated with 
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iron rather than with magnesium. nnH occurs in mont ahiinilunrc in 
some iron ores of magmatic origin, but no definite relationj^ to tho 
alkalies can !» mafic out. Its eommon occurrenw* in ashes of coals 
and its ubundaricc in certain cnrboniice<Jus deposits recently descriljcd 
are noteworthy, though outside the prcisent discussion. 

J^nip/iur is. by far. more nbundant in the basic than in the siliceous 
rocks. It may esistj iu the oxidised condition, in the minerals haiiy- 
nite and noselyte. In wtiicii case the rocks eontoining these minerals 
aiie almost in variably distinctly sodic; or it may form sulphides, as 
pyrite. pyrrhotitc. and cha loopy rite, these being most oommon in 
rocks rather high In iron, magnesia, and lime. 

Chramitim, like vanadium, is a constif uent of the basic rocks, hut, 
unlike this, is most tibundatU when magiiesin and not iron is high, 
iind when olivine, mther than pyroxene or homblemle, Ls nbiindaiit! 
in spite of the fad that ii (tceiirs as the aesquioxide, Cr^O,. Presuui- 
abiy this is Ijccaiisc. instead of replacing alumina and ferric oxide in 
the feiTomagncsian minerals. It is most commonly met with in the 
minerals chromite and picolite. It is rcportei] to i-cach very high 
figures again in certain etfusire rocks which are so high in lime and 
low in silica that the rare mineral melilite ia present. 

Molt/l^lt‘nurn is seldom Jcaikcd for in n»ck analysis, and unr knowl¬ 
edge of its magmatic relations is ba-sed almost wdiolly on iin investi¬ 
gation of Hillehrand. Me found that if is mneh less commou and is 
present in smaller (iiiantity than Tanadium, and that, unlike ihc 
latter, if is present only in the more siliceous nicks, though in quanti* 
li(s too small to permit of further discrimination. A-s molybdenite 
it ewenrs moat often in qnartsiose rocks. 

f7u9i‘t'ns is alniost uuiversaUy presctil in very ^miall iimonnt as a 
constituent of most npalites, and ia ustially regarded ns- a mineral¬ 
izing agent, and, as such, is fiiequeiUly [ircpciit in pncuniatolj’tic 
minerals. As slated hy \'Ogt, it seems to be more eommon in tlie 
fltrid rocks, but there seems to be a marked tendency on its pail to 
favor esjMJcinlly rocks which are high in sothi. This is Keen iu the 
fact that fluorite is frequently present as an original constituent of 
such highly soflic rocks bs nephclite-syenlte, phtmcjlite, aud tingiiaite; 
the association of fluorine and sodium in certain rare iidnerals, as 
leucophanlte, meliphnuite, jcihnstnipite, rinkile, etc., vvhjch are nl- 
uiost always found in sudle rficks; and by the recent discovery by 
LaoKiix of sodium fitmride in nephelite-aycnitw of West Afrien. ’ 

f filophif? resembles fluorine in being a ]meiimtttol 3 lic constituent, 
Hnd is present in igneous rocks chiefly in the mineiuls aodalite and 
iioselito, which areal most whoii 3 ' confined tosodic rocks and especial Iv 
those which are low in silica, in this resembling the occiirrenoe of 
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Afniff^anest\ thuugli ns widely distxibulea ns titanium and pho^J- 
phorus, is usualU pre^ient in such small nmoiuits as not to allow a 
dear judgnient of its [ll□g^mtlo relationsj i^i^pecinlly as the high 
figiiiTO often Imported for it are apt to be due to analytical error* As 
o gen anil rule, its amount is greater in the basic rocks, and certain 
considenitioiis indicate a preference for rocks high in iron rather 
than in magnesia or lime, but the variatioiis are not very Higiutirantp 
We Imre already noted above the tendency to association of hurl inn 
and mangnti€^. 

Mrhl is preeminently at homo in tiie basic rocks, especially in the 
peridot ites and sii^r pen tines* wdierc it replaces iron in the olivine, 
while it likewi^ie ofcnrvi in ^iiuail amounts hi homblendet biotitc* utid 
in pyrite and pyrrhotite. Ccrlain rather high hgtires reported for it 
may lie ascribed to analytical eon fusion with pint in inn derived froni 
the utensils employe<i; but reseaiX'liefi now in progress indknte that 
it may be prestmt in conHidenible amount pup to about O.iiO per 
not only in the *‘lmsic^' but in tbe more siliceouif rocks of certain 
lociilities wlicre its presence has not lutberto been suspected. It is 
reastmablc to suiipose that it in tiiost apt to be present in rodcH which 
are relatively high in iron rather than in maganesia and lime, and 
the results of the investigation just menUonc<1 arc in iiarmony with 
ttiLH siip[KjsiLion. « 

almoe^t always flccompanios nickel in igtn^us mek-Sj but 
always in extremely ^nall and scarcely weighablc anionnt^ 

llie deinents lielonging to the next group to be discussed, those 
which arc ^‘^aCL-ely detoctphlc in igneous rocks by the usual analytical 
iiiethuds un account of the excessively minute amounts usitall_v 
pre^utt need not <ktaio us Imig, even though they are coninierciHlly 
among the mci^t iiuportatil* Since the analytical data ore either very 
reality, nntriEstworthy, i>t wanting altogether, anil their prciwncc Is 
revealed to ns mostly through secondary jirocesses of tfonceiitratioii 
in veins, placers, and other ore dcp<K^iLs* wc are not yet in a position 
to generalise with confidence as to the magmatic ixjlations of nio^^t 
of thciiK 

Furthemiure, having but slight affinity for ailica* and thus (with 
few exrejitiiULs) seldom forming si!icates or entering iiis minor con¬ 
stituents into the. silicate miner ale of other elements, we are deprived 
to a very' extent of thh kind of evidence. 

Oopper is not infrequently reported in analyses of igneous rock'j, 
but, as pointed out by llillebrand, it.s apparent presence ma}' often 
be attributed to contamination during the course of anal}'i^is. or as 
may be suggested bene, to confusion wdtli plat in um likewis^e due to 
contamination, as was suggested iu the case of nickcL But not with- 
.standing these sources of error* cnpjjer seems to lie ividely dislribided 
among igneous rocks, though in very small amounts^ There seems 
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to be little doubt that it most nbuntlaiit in the niore basic rcR-ks, 
especinlly those which carry pyroscne and hornblende rather than 
oHvjiiin blit no evJdelws^ seems to exist as to its relations to the 
elieniieal constituents other ihan sdUca. 

and ffotd have both been detected aiialytkully in igneous 
rocks, while metallic gold has also been observed as an ajipiireiUly 
primary iiigtedieiit of some rhyolite and graijitc!% Hoth of thorn 
niehtls are cosniopoUtan in their relations*-’ as Kemp puts it. and 
they are known to occur in ^nch highly nilieeous rooks us granite, 
rbyolite, and quartz [Mirphyry, iindj on the other hand, in diuhase 
nnd g&bbro. There is, however, good reason for the belief that gold, 
and jifobiibly silver as well, are mesi^t apt lo occur m rocks higii in 
silica, but their ndatimi^ to the other elements are still quiie unknown. 

ZtM and atidmium (tvhidi latter is found only in croniierlinn with 
the former) are ako very uiicerUiin* There is, liuwever, some n^ason 
for think big that j:inc is mote apt to be present in ucid rucks, as 
grmiiles, ibis upinioik beitsg based on a few' analytical data nnd the 
facts of soiue of its occurrences. The common occurrence of zinc in 
limestones, due jrrtt^uiiuibly* at least in pajt^ to the preci]iitatiiig 
effect of die sedimonlaty rock, has no apparent liearing on its rela¬ 
tions to igneous inagmus^ 

Mercury is oonsidei^d by F, Becker to be associeted with 
griiiiites, but his evidence is not very convincing. Its usual occur- 
reuce m sedimentary rocks tends to obscure its true relations, and. 
to the best of niy knowledge^ it has never been looked for or leijorted 
in on analyt^is of an igneous rtick, 

7'irt, ns the oxide cassiterite, aLnu^^t invariably occurs as the re¬ 
sult of pncumatolytie processes in pcgniatitess granites, and other 
rocks high in silica, and the mineral has been found in some rhyolites. 
Judging from the common association of cas^itcriie with litliinm 
and Iwryllium minerals, and the presence of small amounts of tin in 
certain feld'^pars. micas, zircons, and in the nire niLnerai stokesite^, it is 
probable that tin is associated rather with dislincily sodic than with 
potassic or calcic magmas, l>ut much more chemicnl study of the 
rocks In which it occurs is ncefled to elucidate its relations. 

Lead can often be found in rocks by using larg^ amounts of materml, 
and is isecflsioiiiilly ix^ported, as in the analyses of rocks from Briti.sih 
Guiana by J. B. Harrison and in thti«c of rocks from New South 
Wales. Xo generalization in regard to it is possible as yet, but I 
am inclined to think that, like isinc, it favot^ the acid rather tluni 
the basic rocks, though it has been absented in belli. The remark.^ 
in regard to the occurrence of zinc in limestones apply as well to 
lead. 

Phtiiiiim' and the other metals of tbb group are, as is well known, 
most commonly found in connection with peridot]tos, rocks low in 
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milieu Ltnd high in UiagiKfsiu, thuugh il has been ob^rvert by Krmp 
iti g]ihbro!> vvliich were presujnaljly eomtocled gi.metiewlly ivilU peri- 
dotiLic ri»eks. Recent develapments point a somewLiat wider dbi- 
tributian than wiis formerly tliijnglit to be llie niiil indicate that 
platinum not iufi-cquently h Qnst>ciated wUli topjjer ores. 

The true rclntioiis of stO'h elements as ar^Tenlc, nzitimonj^ bis* 
muthp li^leniuin, urul tellurlinu to igneous magmas nn? quite un- 
kiidw rL It is po^iblo that arsenic and selcrdniu ai'o at Ikgine 
in the basic rot-Ls, while antimony^ bismuths and tellurium are more 
apt to occur in siliceous ones, 

Wq may summiiri^e the observations recorded above as follows: 
Of ilie rarer eleutenls whtKe distrihutiou is better know^n^ lithium. 
ticrylliuriu ccHniU} and yttrium, zireonium, uranium* thorium^ sul¬ 
phur (as trioxide), fltiorine, chlorine^ and possibly tin i>ccur most 
obimdnntly in sodle magmas: barium in potassic magmas; titanium, 
vaiiadiuuu liitinganese, niekeh and coImU in iron-rich magmas; chrii- 
mhim and platinum in mugijesiaii magmas; and phosphorus {?) and 
chromiurii (?) in c'aleic magmas* 

Of the other elements Jt can only be said that boron und molj^li- 
den 11131 are certainly, and Kinc, cadmiiitu, lead, atitimony^ bismuth^ 
and Idlurium are possibly^ connected witli magmas high in silica; 
sulphur and copper almost certainly^ and orsciiiic and selenium pos¬ 
sibly, with those low in silica; while the relations of gold* silver* and 
mercury ntv very tincerlain, but they are probnby mo^ nt home in 
acid rocl^. 

This statement^ it will be seen* differs from that of Vogt, in that, 
in tlie la^t-cstablished cases* silica plays a less detenninative role 
til an some of the other major constituents. At the saine time, the 
inrliieiice of the general law of the association of the nio^ abundant 
oxides comes into play* and in a genei'al vray the pota^ic and sodic 
magmas are most npt to higlily siliceous {tbough the facts of dia- 
Iribiition are shown in them even when silica Is low); while those 
which arc high in iron* magnesia, and lime are mos^t apt to Ih? low 
in silica* 

Possibly the most striking feature of the distribution ns thus shown 
h tlie great number of elemenhi which are prone to occur in highly 
sodic magmas. As is well known, such magmas are those which show* 
most tendency to diffe-rentiutioii and the formation of a great variety 
of rocks, many of them characterized by the presence of rare or other¬ 
wise unusual atid interesting minerals, and there may probably be 
some connection ifctwecn the Iw^o features of these niugriiii}f. 

It will be noted that some of these elements, as iltiurine* chlorinCj 
sulphur (as trioxide), and Iwroo. are among thow: to which is usually 
aUribnte^l the role of i^o-calkd “ mineralizing agents*" they being 
snppowd tu lie present as dissolved vapon? in the magma and to exert 
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a iitark<Kl on llio crystJillization of tho tlifl furiiintiori of 

pegFiiulHtai^ aiid so forlb. It may Ih? nrpual ilittt such minunilizing 
and pneiiiiifitijlytiti ekment^ are iiiiivpi^ally, and pi'osujnably quite 
iinifornil}", dlstrllmted among 1 hi- iwk niagniiis^ ami that tlieir pres- 
in thu higlily ailtceoiiti iukI s^idie mrks is due to the 
easily of thi*^ when molten, wludi would himh^r the escape of ga^jus 
Christ it iieiits, wliile the bn-?ic mngmas nre more Huid at low tempi^ra- 
tiiTcfi iintl w'oulfl hence allow such giises to esLiij>e before or during 
cons^Itdation. On the other hand, it may be urged that the unde¬ 
niable distribution among magmas of distinctly different general 
chemical characters, of elements to which no such ininiTuUzing or 
pnenniatolytic roiu can be reasonably assigned, as barium, l}crjdiiumj 
zirconium, titciniiim^ manganese* nickel, chromium* and pbitimimj 
would lead to the inference that the apparent diiTlriiiuliori of the 
gaseous and " minerDliziug^- ekmenits in igueous rocks b real and not 
ilependent on physical caiiiics. The subject is highly complex, and 
our knowdedge of the fundamental fiiclK and of the |jhysi(;(j-tdiemical 
laws involved is as yet iniidcqiiate for sidution of the problem, further 
di^ussioii of which would l>e cmmide the sco|je of this paper. 

V* nt^tmcAL a^xatoEiaATioxs. 

Wlien the facts of the relations of the occurrence of the rarer 
elements to the chemical character's of igneous magmas are considered 
it IS evident that their distrihutiuu over the earth's surface mu^t be 
largely determined by tliat iff the petrographic provinces* In other 
"words* in any given [letrogrujihle proviiiue those rarer elements and 
minerahi coutaitiiiig them w^ould 1m? most apt to occur abundantly 
which show a correlative tendency to association "^vith the character- 
ifftic major constituents of the proirince* ^flius. zirconium-bearing 
minerals and those of the ^Vrare earths*’ should be most abundant in 
pnivinces whose magmas are highly sociic and where such rocks aa 
iieplielite-s;>^enite and phonolite are common; while eliroinuun. nickel, 
and platinum would not exp*?<7teil in these^ hut would rather 
he likely to occur in provinces whert' such rocks as gabbros and 
peridotites are the prevailing ones. 

This idea has l>een recfignizcd by Spurr"* in his proposiod term of 
"" metplltigraphic priivinces*’’^ which Is baised largely on ore associa¬ 
tions, and w'hich he applies more especially to those metals of nnrrt 
economic importauce, such a& gold, silver, copper, lead, and slinc* 
The probable very clos^^ connection l>ctwecn ^ petrographic ” and 
metalhigraphic pro vinces is pointed out by hiau but the two classes 
seem to be regarded by him as difitmct, at least to a certain estont. 
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Wlifn "n-i? deal with such complex bodies os veins and other ore ile- 
p<jsits, tlie matter Lf com plicatetl by such factors as gieolo^cal strii c* 
tiirPi the existence of faiiltA, the cjcciirn^jice of the ig^neous rock as 
idutonic nifliswiS, dikes or etritaive flows, dimotic ccmditions,®^ and other 
disturbing features. These may tend either to favtm or to rctiinl tlu^ 
prtH.'irSiies of eonceiiLration which result in economically exploitable 
metatiiferons deposits. But th^^^ tliough undoiditcilly of tlie higli^L 
couitiiendit] itn[K>rtniict^« are subsidiary to tlie more fnndatneuLal fjicbs 
of tlu* distribution of Llie elemcnbj in igneous magmas, and it seems 
reasomdple to suppose that a stuily of these latter featiireti tJioidd be 
suaceptlbk of results of great piacdcal import a nee. 

It seeing that, at present^ the knowledge gaiiie^.1 by exact ehemical 
analysis ih^i the granites of a certain region c^>ritaiii minute traces of 
gold or of copper would be of liLtle use in guiding €jue in the search for 
the location of a gold or a copper niiLUv The prospector must always 
remain a valuable, indeed an invaluable^ member of the nuiiing fra¬ 
ternity. Wa can not enter here into the vast and vexed b^uhject of tha 
genesi.s of ore deposits^ but if it were kno^rn by future i-cscaivhes thutT 
for insLaucC} gold or ct^pper is normally nssix^iated with magmas of a 
cerhiiii general chemical character, fi knowletlge of this: might enn- 
ceivahly be of material assistance in a search; not so much by indieat- 
ing the exact position of n favorable location^ but^ in a more genend 
way, by leading the prospector to confine his aUenlioii to a given 
regiun of fuvnrable igneous rock^s and to disregard one whotse nick^^ 
tin theoretical groumis, vvotikl probably result in of time ntifi 
effort, 5uch a knowiedge could Iw gained not only by the complex 
aiul In bur ions methoib of ticc'unite and rnlnutcly complete chemicul 
analysts, but more readily, at least in matiy conceivnble cases, by 
simple petrographical examination and field kndy of the inoi^t abun¬ 
dant and clianicteristic rock minerals. 

The^ie considerations. It is true^ are scai’cely applicable as yet to 
search for such metals as gold, silver^ or copper* concerning the mag- 
fiiBiic relations of which onr knowledge is of the vagiicid description. 
But, in view of what has ln>en ascertained by petrographical and 
chemical meaiui of the dLstribution of other elements^ it is not un¬ 
reasonable to think tluit we shall eventually obtain well-founded and 
definite knowdedge concerning the distribution of these also. Indeed, 
the opinion may lie expressed that future petrographers w ill woinler at 
tlte fact thatf for instance, the presence of such deep-seated and ex¬ 
tensive deposits of copper as those at Butte and in Sliasla Ckjiinty, 
Calif or nia^ was so long unsuspected, and that tlieir discoveiy came as 
a surprise. 

■ H. V, WUhcUcn, regular SeSeWCe ,MoiithT:^^. tpl, 72, Nii, pp, to &42 i June, 
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At the piiesenl time » knowledge of the di.stribution of the pie¬ 
men ts b pniCticnJlj appl legible not mneh to the me tills of 
homun utility i\s to certain ekmeuL'i who^ ecanoinit possibilitieH 
are only recently to l)e appreciated as their chemteal and 

physical properties iind the appiieation of thoiH? to counnei'cial luid 
economic purjwises are becoming better known. Some illustrations 
may be permitted of the practical application of tlic facts set forth 
in the preceding 

If^ for instaiicCj one were in ii new country or were engftgCLl in a 
search for niineralK containing such elements ns zirconium, aratiiLim, 
the rare earths, or beryl I iiinij otic would welcuiue a ilistrict of iiighly 
sodic igneous rocks, where albitic gran it ncphelite-syenitfes, and 
phonolites were aljiindant; in tjib the chances of success would be 
most bniinible. If tlie rtx:ks were prevailingly gabhri>s, diabases^ 
nr fekb'pur-btisaUs one woulii reasonably assume that Hiich mineimls 
CM 111 d nut be ex|>ected to occur, at least in such amount nij to repay 
exploitation, and they w^oiild be neglected, nr prospected for plati¬ 
num or chroniiuin* let ns say. Similarly, if the platinum metals were 
found in the sands of a river the watershed of which covered areas isf 
gabbrus, gmnites, and limestones^ nru'! would naturally liirn to and 
explore the first in an attempt to trace the grains to their sourdCj and 
would, with good reasonleave the others ulnne^ 

Instances of this kind could be miiltiplkd^ and, Indeed^ some 
present upplicatiuns of the general principles are now practiced not 
infrequently, but without any suspicion of the true principles under¬ 
iving them or renlir.ation of their more general applicability. Thus, 
in certain districts the occurrence of topaz or sjKHlumene may \m 
recognized geiiernUj iisdicnting the }K.ii^ible or prolmble firesence 
of cflssiterite, without appreciation of the more general and funda- 
mental fact that the conjunction of tin, flnorinei and Itthiuni k due 
to the distinctly i>odic character of the igneous 

With increiise in our knowledge of the origin of ore deposits, and 
a general agreement as to their ultimate source in igneons rocks 
(whatever lie the divergence of views as to the proci*Kses of coiu'cn- 
tralion), the piobability of the future importance of such observa¬ 
tions as have lieen onllined above, from a practical as well as from 
a theoretical stand {mint, is fairly evident. We can not ns yet predict 
the probable presence of gold, silver, or copper in oconornic quanti¬ 
ties from the petrographical and chemical study of llic cmmtty rock* 
blit the tinie may come {and our increasing knowledge of igneous 
rocks justifies ns in a certain degree of confidence that it will come) 
when such seeniingly erudite and impracticable studies will be able 
to guide us in certain regions, ns to either the probable absence or 
presence of ore bodies of such metals. 
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The problem is Hclmittedly very uttd in otie wbirli hun 

not yet boen studied enouglt to do mwch mure tlmn enable us to mako 
a few broad guess^ st the truth. But we are beginning to diseerii 
some gUuinier of lights and the fact tkut we ean not make out 
clearly our guiding stars, veiled as they are by the mists of imperfect 
knowledge, should not caui^e us to disdain such help as glimp!!^^ 
of them moy now afford, or undernite their possible iinportuntfs when 
the mists shall have beeu dis]>elled^ 


THE MK(]HANISM OF VOLCANIC ACTION*- 

[Wini a iHutm] 


Ry H- I* JoiiKBTOS-r^vifl, SI. D„ F. G. S.H 
of YufcanoJo^y in the I7nilVf?r«£fV o/ 


Ill tt disciisf^mn of this kind it is advisfible to be ascofucke pos- 
Eibler elununiting minor detnilB^ so as to give proniinenize to the main 
outlines of any theoi^ one holds* This commiiniention, which tJie 
Counci! of the Ninth International Congress of Geography have hon¬ 
ored me by asking me to address to yoiii I propose to put into the 
form of a ** credo,” To this 1 shall add a few fniidamcntnl facts 
upon which my rcnsottiiig woa baaed, leaving minor ones for discus^ 
eion at greater leianre elseAvliere. For conveniencej I propose to 
divide my theory into two sectiomi. In the first I ahall revietv what 
may be convenienth' called deep volcanic action, and in the seconds 
that group of phenomena that occur when igneous matter nearly 
reaches the surface or actually finds an exit thereon* Unfortunately, 
in the first ease 1 am obliged to rely on hypothec and deductions, 
whereas in the second section, that of aujwrficial volcanic action, there 
arc a nutiil:H‘r of fundamental facts and observations upon which to 
base speculation, and to which I propose to draw your attention* 

Of one fact we are certain, and that is our globe is surrounded by 
a solid crust, which wbettiver it can be examined shows uniuistakable 
and almost universal evidence of coiuprc^ion, wTinkling, and db- 
locaLtoti. This crumpling and crushing are equally inexplicable, 
unless wc adiiiil that since the initial solidifieution of the earth’s 
crust its lower, stiU cooling part or support hag undergone contrac¬ 
tion BO as to crowd together the already cooled burden of the upper 
part that this contracting mass carries* 

Nu one has yet attempted to even suggest that the part of our globe 
subjacent to tlie solid crust has idirunk fiorn other causes than a hsa 
of heat. We may, therefore, look upon the idea of contraction as 
due to cooling to be a universally accepted fact* 

^ KeprinteO t>r iwnalealciu ftam iTae Geological ^[agazlDCp Iad^od^ aew eertes^ 
decflUe v, vaL ^1, No. 10* DetobaTp ISOSk Adareaa to the Internallotial Geo- 
faiipblcnl fJout^cH. 
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In tlw oid theory' of the earth cnist cruinplinjF ov^r a contracting 
[intl cooling nuokui^, finish or partial It so, it always appCEiml to me 
to J>e joaxplicabli^ liow fluid matter could be squeei^ed out, or why the 
water on the ijurfnee of tUe earth did not nisli down to fill up the 
vaciincy that the lit meting interior tended to produce between 
itself and the jireli of the crust. This porJjaps is cs:prrssing the fneU 
in simpli^ commonplace terin?^ but is sulfieieiiE to illustrate the in- 
rtimpatiliility of this hypothi?sis with the fact of stmm of the l!qui[l 
interior of the earth rising through the fissures toward the snrffiee 
nnd l>ring squeezed out by the contracting enr^h 

Thu hypothwis that tangential thrust did not oxhd, but tliat the 
earth crust was shrinking on an entirely or partially fluid tiucleiis, 
would have satisfied rhe viilcanologistH but is contrary to I he ineon- 
troveiiible evidence of laugentiul compression« as seen in the plica¬ 
tion^ and overthrusts existing ujjon lire entire surface of the ghdMs 
or at least that part above sea level, lliis hypothesis was based upon 
the (lotu-eptioij thnt the earth's enist was acting as u single unit. 

To Messrs. !^Iellard Reudu and G. Davisun^ La due the credit of 
making an analytical study of the funetinji^ of dilferent ports of the 
earth's crust. That work demonstrated that tbeortticaliy we can 
divide the cooling surface of the earth into a series of shellsw The 
outer shells that have reached approximately the mean atmospheric 
temperature will, of course, have stopped contracting, whereas the 
dieils nearest to the heated nucleus will be those losing their heat 
mo.^t rapidly, and therefore uiulerguing gntatcsL cont nictioiL This 
contraction must inevitably cause crowding, criishing, and crumbliug 
of those rfiells Ihut are nearer the surfacTs ju^ as a stretched aheet 
of rubber coated with a Inyer of stiff day w^ould do when allowed to 
contraet. 

Somewhere between the surface shells of compres^sion and the 
derjM’St jilielltf of greatest cooling and con I met ion there will be a 
sliell in a state of eqiiillbrium^ which the authors call the zone of no 
contraction. This zone, which waji originally quite at the surface of 
our glol>e, tends to sink lower and lower m the general mffigeration 
or isf^theim^ of oiir planet proceed downward. Were thu shells of 
cooling and contraction of great tensile strength, such as the expt«ri- 

*C. UavlrftfUK "Oil Illy DlatTJbuUtiu of f^traEa Id tlio Eurtli'n CniHt resiilt- 
\ng foini ^'ceular OooTlnifp ute.” (Plill. Tttinn. IL vo|, JTSV; " Kate tm 

ibe Reliit]«^4 thu iSlae of a PEttnet and llie Itftle uf XIoDiitata HiilliUnj; 

OD Its Siirftice"' iVhit Jtajf., Kyi,-., IS^7}; '^Ou the Straining ef the Eiirtli re- 
Kultlng from Secular Cooltng ^ ( Pltll. Ma^ F(^., m¥^) ; On Secutnr StnitiiLug 
of tbe Eiartli^' (Geol. iliig.. Mny. ISSil, Iiec, ri[. vol. l|, No. I21XK IJ. 220). 
T. aiellard RenUe: '" The OrEpEn of Xtountaln Rjmeew," ISm. E^also n. J. Joliii- 
ston-Liivla; "Tbe Exteruloii of the Xlellard Rcade ntnl C. Davlana Tliwur of 
Sectiler S^tmlnln^ of ttie t^irlh te the ExnlaDatlaa of the FN'eu Phonnnteiici of 
Volmiiic AcUun ” (CjeoL June, 1S30, Doc. tlh tul. 7, psi. 
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mcntfil fhoiet of rublier, alrwirtj referred to, we can quite imderstiind 
bow iifiY in the earthy's interior ivould teiwl to be squeezed out^ 
but ore met hy two difficulties—(1) is there unj fluid in tlio earths 
interior? and ("2) is the tensile strength of the contractile shells 
siiflieient to have a stiiioessing power? 

Three dosses of views have been held a^ to the constitution of otir 
ghdHfn Some hold ttnit it Us like an vgg. n ssoUd shdl with n fluid 
interior: others maintuin that hy the iricreaire of gravity as the center 
is appronched there is a solid nucleus which is iwtentijilly fluid were 
il not for til is gravitational cotideiUiatioin so tlitii there would l>e a 
soliil iiiideiis, a solid crust, and a stratum of liquid rock separating 
tiuuu, Fiiuilly, there is n third sehi»o1 who holdii that tlio highly 
hen led nucleus, alt hough ptjtentiajiy fluid, is really solid in conse’ 
quence of pressure or, more coriectiy, graWtatioual condensation. 

'So known rock that we are acquainted with giv^ tiio c(>nceplion 
of having snlKciviit tensile strength to bo capable of exerting any 
really caiilraotiie or squeezing power on fluid iudojicd within it or 
siuToiiuded by it. There will be a tcndericy as the inner sheila 
rouTract to split by iissuies. Such fi^ur^ would extend from 
within outw-ard. anti would be top-shaped in section, wjtb the edge 
extentiitig up lo the neutnil zone of no ctmtraction, iind their lower 
limit III the inner surface of the lowest ^shell (pL h K, F,) Bticli 
a fissun? might be sinuiltaucously fillcti by the fluid rtick paste l>cnciith. 

How* this filling will take place requiri*^ couHtderatioh. As there is 
reason to ilislielieve in any txiusiderablc cotistricting power of the 
inner cooling sheik, and that even if sudi constricting power did exist 
k would he annulled by the development of fissui^ w itliin its mass, it 
is evitleut one tiiuat look to other causes. The welling up into the 
fissure of the fluid rock% if we admit a fluid nucleus or a stmt uni or 
shell of such fliiiti mijrfit due to the settling down by gnivitation of 
the cooled blocks ® of cimst limltied by the fissures. If, on the con¬ 
trary, we adniii the inime<liatc eontiict of the lowi^Sit cooling shell 
with a highly incaniicseriit uudetiH (T), solid by pres^mre. tnit jjoteii- 
tlully flu If! ivhen thk prensure Ls temoved, w^ can well see w hat would 
take place. As i«*on as the fissures and therefom fluid in tJie inricr 
conlitig ahells iK^gm to form, their location and tlieir idgeis w ill repre¬ 
sent a site of diniinislied pressure, 'Flie subjacent unci neighboring 
but |xitential!_v fluid rock will in consequence liquefy and ex|mnd and 
fill tJic^ fissiirct. As the fissure broadens and extends so will the 
expausiou and liciuefaction increase pari passn. 

Liquid rock lufly lliupi mich up to the neutral zone of no c^ontractlou, 
but its extension further must be a matter of cimne*. It b evident 
that if the shells esf comprcislDn were in every pari Immogeueous and 

nicicks ar<' cUfTurtint to the hlocMs referral tu by some m'eut 
wTltem an terrestrial uiecLanlcs, 
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coherentt then no npward-fminted li^uro could bo formed. In prac* 
tice neither of these condittona )s fulfilled. It is olivious that the 
crD\rdin| 3 [ and crnshin^if will l» most complete in the shells of nim- 
pression (pi. C) where those are carried on a continttoiis block 
of contraction (pL J, A). I tiieiin by a block a jK^rtion bounded by 
fissmres foriiieil in Hie contracting part of tlie eaitli crust. Where the 
sIwHh of cr>ntntctioti are lissured (E. Pl tlicre the crowding of the 
superincimabent nin.sses of cooled rock will not take place. As ii 
result, each block or island of eon tractile crust, with its comprei^sed 
burden, will tend to tear away fiiuii the adjoining blotiks or islands. 
TO that the limiting fissures in the contractile joints will extend up 
into the <t)nipres.siortal shells ((r, II), 

'Hiis exactly Jits in with what is frequently found in the distribii- 
tiou of volcanoes along the <»flges of flrca.s of market I compreasion or 
mountain regions. It will explain also the presence of voktiiioes 
hav’ing a linear arrangement lailween closely sitiiateil mountain 
chains f*r areas, as in .South .Vmerica. J treat rifts, such ns those »tf 
Central Africa and some canyon districts, are probably tif sticli 
origin. In €‘)irthqilakes of tectonic origin it has l>een pointed out" 
that the piers of damaged bridges have nsnnily U-en founti tn have 
njiproiK’lied each other. This would eeidentiy tnke plare in the 
areas of [Kisitive compre^ion (pi, 1. {\ C). On the other liand, in 
exceptional cases the piers have Wn found to have been separated. 
This might well occur in the area of negatitc compression (K). or 
what might well be termed the areas of retraction. The much larger 
proportion of the former effect on the bridge piers would no doubt Iw 
in tlie tniU'h greater ratio of compressioiial areas to retraclional areas 
on the earth's surface. 

Mny not ocenn ba.sins is* in part due to lilncks op islands of tlie 
contracting zones exerting that diminution of volume in » verticiil 
more than in a horizontal direetioji, as we liave so for been con¬ 
sidering it to be! The peculiar abysmal o(u?un (roughs, often at the 
edge of cHx^in basins and parallel to chains of volcanoes or inter-- 
rupled by them, could well lie c.xp]nined by the sonic circuuistjjnces. 

I do not claim thal ocean basins arc alone due to ibis cause, but to o 
combination of the.'^ conditions, with perhaps the slipping, sbearing. 
and corrugating of the primitive crust over a fluid envelope, unil 
even the tctrohcdral collapse of a cooling glolie. I lay down here but 
a general prinriplc to which there may lie many exceptions, due to (he 
vicissitudes of cooling and the variation in the nuitcri a Is concerned 
m any particular region, not to speak of the changing position of tlic 
earthVaxis. ihecnislal inertia of Prof. G. H. Diirwjn,etc. 

■ I rofeiwr Ilotitm, NlnKi [utfrnatloiin( Congi'e.ss of 1008, 
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Liquid r<ick hnviug: thws readied ii i?on?iiderabk way to the 6urfact\ 
either ns Mniple dikes (pL I, T* I), kccoIite^^ or sills (pL 1, L, L), 
and so forth, h jiow in ii sitiiQtion suit able for the second sorieiJ of 
phenomena, constituting what I coll surface Tolcanic actinn. to amii- 
into piny. 

Surface t'ot^anie phen&m^f^a ^—Two sdtools of vulcanologists liave 
held opposed views as to the ori^iti of the volatile LOiLstitiienls 
tained in fluid igneous rock One class of writers maintain that ilie 
gaseous contents are primcirdiaL and have bt;*en contained in the 
ignwus jmste from the time tJiat our globe condensed from the 
nehuluiis sliite. Others attrihute all the volatile maiter Jrtill retainetl 
in cooled igneous r^ick nr evolved at volcanic mciitli^} and fumaroles 
to the vohitilizfitiof) of water met by the igneous rock in Its journey 
toward the surface I^obably l>oth arc right, but I propose to luring 
befone you a series of my obaerviitioiis that point incontrovertihl v 
to the fact that by far the major part of ihe volntile constituents of 
a tungnia are acquired by it on its journey toward the f^iirface. 

As cimclensation took place in our planet from u nebulous state, 
HH ouch layer or shell of mck materials passed from the gaseous to 
the liquid state, and pmhably fiolid. it is evident that tliose most 
volntilc would be the lust to change their physical state. Timt some 
of the more volatile ones were entangled sir held in solution by the 
leesi volatile is quite likely, but tlie amount must have Iwn small. 

Another possible source of volatile matter in the deep-i^tcd 
igneous nuilter may well Iw due to u slow cainosie nr diffusion pa- 
tending over vast periods of time and directed by ibe varying affini¬ 
ties of one class of matter for the other- 

A quarter of a century ago, as a result of a careful and iktailed 
study of VesnviiiH^ and other valeanoes, 1 was able to show that n 
volcano the more continiiousiy active it was in the emission of 
igneous motcrial the mon^ tranquil was the character of ciids^ion- 
and tlial practically under such conditions lava was the only pmduct. 
I showed nho that tlie longer were the intertiilesions in llie cAtnisivc 
efforts of ti volcano the more the ejecta tendeil to issue in a broken 
up and fragmentary condition, from the larger anti more violptil 
evolution of volatile or gaseous materials. We thus had the wlnslc 
gamut of products—^scoria, pumiccoiis scoria, scoriaccoiis pumice, 
pumii^, and pumice dust—bear!tig a distinct ratio to the time that 
any volcano had been in a condition of " 

Two cApIanatioos offered themselves to my iiimd for this state of 
tilings. One was that the persistent evolution of volatile niLiterials 
primordially stored up in the original volcanic paste escaping con- 

of Moate Soinoia aaj Veauvlua;” Q, J, G. S., ISSt, vol. 4u 

;pp. OTi-llO. 
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timiiiUy thi'rtifroii} Imd rollecti'tl in the volcutiic chimney and blew 
out the ina^nat the other that the Tolatile material wore acquired 
hy the i^coiis [iia|rnia whore in contact with watcr-bonrinj; rocks 
ill the upper strata of the earth’s crust, 

■\Vere the fonner the ease one would expect that the first product^ 
of nil eruption should be less gas filled or gas bearing than the latter, 
but tills is not the case. My observations, which demonstrate the 
fundniiiGiituI fuels upon which eniptive action of a volcano depeniK 
sliciws tinmii^akably that the fii'st tiniterlals yielded in a normal 
eruption after a long period of “ repose “ of a rolrano are the richest 
in volatile elements, and that as the eruption piticeeils the anunint of 
gases in the issuing magma steadily diminishes, ns shown by the 
dimi nisi led I'csicularity and increased crystal line indtviduulizatjoa of 
the c^ntial ejecta,* 

The class which interests us in lUe pri?spnt question is the group of 
the ei^iitiiil ejecta. I found that wlien one e.vuinines the stratified 
deposits of the ejecta thrown out during an explosive erupt ion—that 
is, an eniption of great violence inking pliu-e after a long iM'rind of 
repost* of an old volcano, or the initial outburst of a new one—the 
niateritiis, us they fell from the uir, show n definite arrangenicnt, 
and vary' in rliaractcr in correspondence with different phases of the 
eruption. 

To illiLstrate what these characters are 1 propose to choose a 
classical tsiimpk* in that of the great outburst of Ycsiivins that over- 
whcliiiiul I'omjicii, llerculaiicum, Stobia. (Jplontis, and other towni? 
around tlie foot of Somma Veauvius, Tf we examine the dc|msil of 
inaterials that fell during the eruption of A. 1). 7{» in the streets of 
rompeii, or preferalily outside the town, as the falling hoim^ have 
disturbed the regularity of the strutification within the walls, we 
find it made up of several beds. luimediaidy rei»sing on the old 
laud mirfare is a stratum of very white light piiniiec. T use the word 
" while ” in comparison with that alnive It. Tf we collect n quantity 
of this we shall sec that its hulk is very great for ita weight. To the 
naked eye it is composed for the most jiart of a glassy vesicular bust*, 
with here and there scattcrwl crv'rtals of felspars, hornblende, 
pyroxene, ami biotile, Iss-ldcH occasionally extraneous miiicnils 

‘ Jd lajf ixtrer ■' On tin* rrtiioiienTnrr iJjwrn nf Volcanoes " (Proc. Geol, Araoc,, 
vol. P, lUP. 421-131; aiul 3 fljps.t 1 iilrlOei] MiKh ^ 14:111 into clasecc; AWfi/iril 

cjn-tu jin* tliow materlnJs tliat taeiie In a ttuid state, ami miuHia eliJiet of tlie 
volalUc coiiHtftaaalrt or the m h uIcIi tLe« won* coumlUitl. that i.rtKliiml 

ibe ixirttcarar caitrataii la Qucatloa. 4cc('s«orii efnta eoaalst of the ohler 
^olmiile iiiHlerlalx uf tk* samp vpui tiim awaj. ex|N>llef 1 , jiml TiiixFd witn the 
rveentio eJccta «f un uraiitlon. c/rrla wnalat of either volcoale 

loutcrials from oiber eontere nr m^maentarr or eiber meba of im- siitptnl«mii- 

pFriirona. also torn oat, rtttwHcJ, and mixed with the two belure-tiicaifailed 
fjwin. 
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caught up in the magma. Micrcecopically it ia made up of a net¬ 
work of iitraw-colored gla^, with tiumnteroblc minute niiero-crysital^i 
of luucite, all of a remarkably uniform aiice, besides which arc a very 
few scutU-ml microliths of hornblende, augite, mica, and felspars, 
obviously preemptive in birth, {P1.3,figa. 5 and 0.) At wide inter¬ 
vals, of eoursts occur the porphyritic crystals above named. The 
main mass, however, is made tip of glass, so tliat all the vesicles have 
been able to nssuiue weil-rounded outlines. Tlie size of the vesicular 
spaces is very great in proportion to the amount of solid tnoterial 
inclosing them, making the pumice a very light one in weight. 

RepiiLHiiig on the bottom stratum, and rather suddenly graduating 
up from it, is the main bulk of the ejecta. The pumice couipoeing 
this is niiicli heavier, darker in color, ranging from a biownish gray 
to a greenish gray. The porphyritic inclosed crystals un* the same 
«s those in llie bottom, white puinioe, atui pradically overage the 
same size. They appear to be more frequent, but this is due to the 
pumice ladng denser; more of them are thm^fore to be seen in the 
same area, b,s it were more crowuled together. 

Microscopically this pumice very much dilFers from the subjacent 
white variety. (PI. 3, figs. 7 and b.) Nearly the whole of the glass 
has been replaced by innumendde niicroliths. llie amtill leucites 
have increased but little iu size, though they seem more, numerous.. 
This I attribute to the le.^ amount of open space left by the vesicleK, 
The nugilfl microliths constitute the main bulk, and minute grains 
of magnetite are abimdanl. Some small microliths are probably 
distinguishable as felspars. Generally the vesicular cavities are 
much smaller. The vesicle walls are no longer smooth, hut rough 
from the projecting microliths that in the process of rapid cooling 
grew' and projected in all directions, mid are not arranged with such 
parallelism that is seen in flow structure with rods already in ex¬ 
istence at an earlier date. 

3oth these divisions of essential ejecta are more or le^s* mixed with 
accessory and accidental ejecta torn from the sides of the crater and 
the subvolcanic platform, I mention this as it has a benring on the 
composition of the third and uppermost part of the materials shot 
out during an explosive eruption. This third or uppermost portion 
consists of a coarse or fine dust (aKh), and when examined micro- 
scopicMIy is seen to be to a large extent composed of detached 
microliths and loose crystals mixed with n large rjuantity of pulver- 
iwd accessory and accidental ejecta. Whenever one examines the 
ejecta of e.xplo5ive eruptions the same order is found, Tlie above- 
mentioned characters arc better seen in the case of very fluid inter¬ 
mediate Or basic magmas^ and I have given figures of the ejecta 
of an earlier explosive eruption of Somme Vesuvius, Phase III, 
which is free from leucite, (PI, s, figs, l-i,) 

4r,74B*—am 1800-21 
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When eruptions are of a less violent explosive character tile first 
part may be pumice and later a more compact aiul micro and par¬ 
tially ciyatalline rwk may issue, such, for insiancci as the black 
ptitniceoiis trat'hytic scoria ejected by the last efforts of Motite Jfuovo, 
the tnaiii iimtis of the cone having been built up of a light bulBsh- 
white trarhylic iniiuict^ 

In still less marked csplosive eruptions, or where a larp* amount 
of material is ejected extending over some time, the final product 
may issue as a continuous mass and constitute a lava- 

What, then, is tlm interpretation of this regular gneression of ejecta 
having different characters? fl"e know that the surface rocks of the 
(>firtli*s crust are as a body usually very aquiferous, and that- as one 
dcS('«t)d.s the rocks bccoine drier and drier. All the water Ims beei> 
squeezcti out by superincumbent pressure. Of contso, we know that 
acconling to the imtiiFC and comp<«itioti of the rewks the ileptU to 
which aquiferous material extends odll W extremely variable, 

I,et us figure to nurselves what wniild take place in a mass of 
fused silicates and oxides filling a fissure extending up through non- 
aquiferoiis into more and more aquiferous rocks. The pifilongcil 
contact wtnilil result in the giadual solution of the H,<) of the 
aquiferous stnita in the fused paste, just as airbtinie ncid would bo 
di» 9 olved under pressure, but at ordinsny tcniperjilurc, in water. In 
the former case the critical point of 11.0 does not come into the 
question. We know little of the temfiemture and pressure that 
this compound can exist at when dissolved in silicates and oxides. 
Furthermore, even if disBocinied probably its components could pass 
into solution and recooibine again when temperature was lowered 
sufficiently. A careful study of volcanic action leads me to believe 
this process to lie a slow one, so that if a fairly regular flow of melted 
rock takes place up the fissure through the aquiferous strata little 
II.O is absorbed, and igneous outflow shows little violence, so that 
lavas arc the chief products. 

If the volcanic canal has never reached the surface, or is cut off 
from it by an old plug of solidified ejecta, then as the igneous magma 
acquires more and more 11,0 its tension will steadily rise, iLs loss of 
heat energy will be very little, as the HjO and other volatile matters 
it has dissolved occupy a small volume. Still, in certain cases the 
magma may, as the result of different sources of heat loss, undergo 
complete cooling and consolidation. Xot unlikely nvany hydrated 
roclm owe their origin to thb cause. All evidence points to the heat 
energy or specific heat of basic rocks being lower in relation to their 
fiiiidity, which vrould explain in part why hydrated rocks arc more 
frequent amongst them than are acid ones, as truirc ffe(|uefitty they 
would be cooled toctmsoHdation before they found issue at the surface. 
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In many cases, however, tlie tension of the magma will steadily 
rise as it acquires more and more volatile matter from tlie surrounding 
rocks."* A moment will be readied w’hen the tension hjis graduatly 
attained such intensity that tlie earth's criij^t is rent by an exteiiKion 
Upward of the fissure* This fissure iiiay readi the stirfm-e and tnake 
n new volcano, or the obstructing plug of an old one luuy be cleared 
away. In either case an CAploKivo eruption will reiaitl. 

Now the first portion to i»me will lie that part of ihe nmguia at the 
top of the fissure that has bet‘n in contact for the longthgt time with 
the more aquiferous rocks, and coniiequcntly will he richer in acquired 
volatile niateriats ilian that below. It may lie a pure glass, or a. 
certain miinber of cr^'stals may have individualized tinder the intra- 
telluric conditions of slow cooling. Once fit* from compression 
H,(>, etc., will separate from the ncnivoEnl iic silicates and oxides us 
bubbles, undergo enormous espausion, e.*>capc in great part, and afford 
the explosive agimt in the ejection of the remaining flniddroth still 
holding much gas in the vesicles. Tlim sudden expansion means a 
tremendous lojfat of heat energy, and the vitreous matter is so mpidly 
c«>oled that it has no time to individualize into tnicroliths or crystals, 
or the crystals already existing to grow in sisce. 

\Ve know from the effect of pumice on coiubllstible sulistances, os 
w'ood, bread, cloth, etc., us at Pojjijieii. that nearly all the latent heat 
has IjBcn used up in this e.xpansioii, so that only partial roasting has 
resulted. Thus has liecn produced the firat white light punitce of ati 
explosive eruption by the e.\tremely rapid expansion and cooling of 
8 pure or nearly pure glass. 

As the upper contents of the volcanic canal blows out, that part <if 
the magma lower down follows. This nest portion has been & shorter 
time probably in contact with aquiferous rocks; these latter, being 
deeper, are usually pooriT in H,Q, The consequence is that this 
second batch of magma will contain less volatile matter, expansion 
will l» slower, there will lie less loss of heat required for expanaiem, 
so that there will lie time and other more favorable conditiotiii for 
part of the glass to individtialissc into microlitha, {Compare 1,2.5, 6, 
with 3, 4, I, 8, pis. 2 and 3*) This second batch of tnaginn further* 
more will have lost less heat energy in consw^ucnce of having had 
less 11,0 to dissolve, but also iieing deeply seated and in hotter rocks 
it will liave tost less heathy conduction. 

“ I use 11^0 hot to assume nay qieelal rtirslcnl state of tlmt mittEctnncc. I also 
refer to it specially as Mux tbe princtiwif colnrile maierlnl Lif igoDoim nuimiia: 
but 1 fully nppreelate the ratta amt kascs derived irouj meir tlecomjHismoii. as 
llkewlre tbo rarer matcrinlu that were aequired by and enu bo reniiraicd frem 
Igneous poeha by a high temponittire. to which Mouitleur Bruii and others have 
fumlahcd us witli such taterestlag details by tbalr rtmUea. 
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jV.s tvo gu deeper in the voltaide roiiduit thew same differenres will 
be esaggertited, so that as llio cniigtua escapes almost all the glusw 
iiirtv Iw t’Oti verted into niicroliths so as to leave Hi tie material to hold 
them together, whilst the evolution of volntih' gases will be siiflicient 
t(^ separutc them into dost, produeing the piilveriswd imiterial in¬ 
stituting the essential part of the hist and topmost deposit of an 
explosive erupt iuiu 

If the igneous paste rises firii still greater depths it luajf come 
from little or iionaijuiferous parts of the conduit, which, together with 
a higher specific heat from fewer Iosmjs thereof, will allow it to gush 
forth in a nonfragmwited state as a lava. 

The want of uni form it}' in the water-bearing rocks at dillercnt 
depths is too well rwognized for ub not to sec the influence on pos¬ 
sible departures ami irregularities which might result in the sequence 
of ejecta having the characters ! have shown you as tlic simpteat ex¬ 
pression of an eruptive phase. 

In an open chimney of ft volcano in chronic activity the constant 
circulation up the volcanic conduit nllowa of too little time for the 
magma to acy^uini much volatile iiuilerialS; mid it is only when this 
outilow is more or less impeded at the vent that more volatile ma¬ 
terials are aecjuiced and the voleano assumc-s paroxysmal or explo¬ 
sive fiU. 

In concluiuon, I may say I have tried to snmmariite tlic trend of my 
reseai-ehes for the last thirty years, ami if you will try to read the 
whole phases of volcanic activity In this light you will find it the only 
satisfactory explanation universally applicable to aU cases of thei 
eruptive nieclianism. No other theory timl has been advanced has 
ever been bused cm the charucter^i of the actual essential ejecta, and net 
other one fits without exception the whole range of the very varied 
phenomena of volcanicity. 

EXI’LANATION Ot* I*tATEii 1, 2^ AND 3. 

FULTt 1, 

A Sti&lls of 

B snno or neither contractSoii nor 

C iibells of coiuprtPfflun- 
D AqnlftiTons ftliplls of comlirefialon- 

E Fle«rtiro between of miisSaniin cooling nnd rontnictlotj filled by llqiifr 

fiietlmi of the edges of sihcllic hf flltiiSnlmlied prepanre, 

F SattkCn bu t to tbe fOaeiSs of less cooling and met loo. 

G FlSQiiro extcEMlIiijC between two ar9iiA of compresslou ulid of cvu- 

trrtrtloEi, but not rwicblug tbo aquiferotis Eib^llfl. 

H The ^luc, hut renebinj^ Into tlic laauifcrouE rnclER 

1 Tbc* fiame^ but hili luj; tenebed aqulferoim HbcilP. Mf l>wti erifible^l tti extend 
ntiwnril by cxploHru action lota n kc^Ute iiM sUl la oue ctLsc uad directly 
to a TOlcano In Uio otbep* 
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fi T^ccollti> II till i»tJl tjc|HiBQd t>y at M+ 

N Yolciiaci fraiu tiuirwl^ part of laix>n11tep aiiwift'rous roebfl, and tmm 

rirt L 

n Vokiino siTpp]lotl fmtn rtft i and aqalferc^im roeka atoaiiil top nt sanie. 

Yortlou of glolte u:odpr£aln^ practlcalTj ito eooltni;. 

U Area of tticfTectlTe oaniproasloii or retnirtlon ntid dej>i¥«itKDD. 
iJ Aren of ittoCfeetiTo ooatnii^nloii und of low pressare. 

S^micM mjd |i«nai™iM trom rftplDflEw^ mplltmn of MvMk Sorama 4ad V^uotIiw 

C^wotlbl 

Ti^xe 2* 

FIr. I. Light white piiuik'P, liottom pan or Pliuf^ ni, pcrhol \ TUe aeetlon la 
api-ii ti> iM- Etiij«^t]y cottiirtrfiftl of a cleftif glopp witli imly aii oc^mEonul LNorfiliyrEtJc 

ri^Hlal or ml troll tk Miignllled ll liiclnietent 
FJg. 2, Part of tlic sumo- REM^tlon. mnernmea dJaiuetep^, 3IoHt of the vedaela 
are eoetloii^^od uiid open, md ftipiwrt the very nire porjihiTitJc etyutnl I>f a^'- 
tEiiiia uf Uie tldn aliellR of ginm. A few vi^kiee stIIJ eontnla air- 
Fig, X Heav^- choci>tjttfvtirown puuileeodti acorln t^rcKliicetl lolvr by the mnie 
empHon, Phaai! tit. Notice how tnneh sminLler nre the voftlculie and how the 
mnss at rock niutcrlal la pniiel|uLl{y comiioFied of nderoUth^ 11 

fllameter«. 

4. The Hnioe. msgiiftliH] Ed ilhimeters. I3ere the numerona latge Piuooih' 
walled reaJelee of llgiire 2 are replaced by few aainll roughs walled spacea Into 
which the mlerolitha prtdecL 

Pt^-TK 3- 

Ffff. E. Light while p^idIcOh lioltom r^irt of PllolaD poedIcc that burled FotnpelS, 
I-ba,^ VIL jwrhKl L The Boetlnii abewa the material to be aso^ily a eleur eJasa 
rrt^wdwl by micmilths of IdhgUc only with few iicnMlomu aJagnlflod 11 
dill meters, 

FIk. «. p»irt or wtino awiiicni, njjiBninGd tV) ilininotoffli, »liowlnif tli«H*cliurn<;twi 
more iRHamtimted. 

I-'ljt 7. Itwipy ifrwnitirti^jrtiy punilw rmui up [t, the putiilee simtuiu. 

Hon* tiH" rock is ot>inj>(i!KO at tt (Lirk, almudi Djmquo network of mlcrolltltlc 
miitter In whlcL nniKnotltc ft* abiitnkintly <1tKtrlbul«]. Tbi‘ mlerollttia are 
nlmont lildiku by ojimilty of the toiiBnetitc imd atigite sniliin. Mnttnlftwl ll 

din mot era, 

riK. s. Tbi! iMniifflt iMmnlble sectiun to uinkf Ik nbowu In tbln dpun^. mngiilllcd 
7I> dinnK'tora, oxblbItlt)(t tbe t-xtouslvo in*Urdiialli!ntlc,ii of ttu- icinpn liito nimouc 
aiierolltl«. The leudte nilcrollUiH are reprefwnt«l by apotn of ItiijierfecUy 
troiiaiiilUeti lij'bt wben- lb# wynl*) ittnin* h.j»cL boili aldesi of Uie #ik>R but 
itro purttiilly oierlupiNid by noefte uinl luuguetltc nil aroDml.a 


•n.u| tbU Bpecln,en been cbow-n fmm tbe top of tbe r«»<-uilnl nJeetn of Plman 
li t tlie tlilimcflt am tlou cdimble of belns cut wouht bare b«m opauno. it wna 
taken, thereforot from u tmn«itlDQ stnitcim {ace p, ai2). 
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Plate 2 . 



PUMJCES AND PUMtDEOUS SCOfllA PiNJM Ej^^PLOSIVE EHlIPTiOWS^ MoNTE SOMhtA A^tl VEfilTVlU^ 
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PUMICE« AMD PUMlCiOUSScWIIA FAUM EXPLOSIVC EBUFTiONS, MONTE SOMMA AMD VESUWUS, 







COXSERYATION OF NATURAL RESOURCES.'* 


By JaU^ iKH-TiLASt Xow N. Y. 
(Nuw tiAtm n»riiDr. KWO.i 


In discussing thei waste upon whidi hinges^ or is supposed to hiogOt 
$0 largely tlie preservation of our national resour<.^^ the coneludoris 
reach^ would be more reliable if actual experienc?e were cousuRedt 
aud fewer de<l net ions were drawn from general stetements^ w-hieh are 
often the product of the imagination. 

Ti. ran not be questioned ihiit the value of by-prcdiicts has not been 
siifRcirntly appreciated hy m, and that oiir tardinesss in reoejvering 
the lo^efnl iiigrt^dients of the fc^t^aping gsis of our coke ovens is one of 
the most glaring inwiauees of shortctmiirig in that direction. And yet 
even for that sin there is some piilllutiou in the Liumature cundUion of 
uftiJiated indiistrjefv 1 prestime that it is admitted without argument 
that, exi't^pt under very exceptional conditions, all the elements cart 
not l)e re«mvereij from mf}St of I he ores or natural pffKlucts which we 
treat* While it is a shame that the by-products from our coke ovens 
should be dissipated, Edward \V. ParkeEa report to tlm United States 
Geolagiifiil Survey for lf>CMi * supplies a fairly good excuse in Juatifica- 
ticui of this appalling waste. He aay.'^ (pp. ITS to 774): 

T^hnt lias iM-'cn alrvaOy eommeateil an Sn prevloil:^ reports aboat tlie Blownoss 
of DinTnifj(U:tim>rft t* eban;^ frooi Lbe l>ettar known but wn^teful boelUre praclice 
to the by-imMltlut tv&jvcry hicimxl uf coke niaaiifactiire la partlealarJy piiip3:ta- 
In tbp atnU^fllt^ presfttitM In tblK chapter. For It wouKd from the 

tabic tlint the roat^rtietlcn of by-product ovectH bad about coaie to a 

^taadiUUI, wheu tiie rwordH for the prceedU^^ five ycara are taken Into 

coDsIdemtloii. At th* doec of ItHJl, when tbere were only 1^10$ by-product 
ovena completed in the Ualtad States, tben? were 1,533 tn coiir^ of codatractloD, 
408 of wblch ww coihplsitcil ilurltta iho following year. At the close of 1002, 
14^0 retort ovcne were build Enjj, 203 of wliEek wcie added to tbe completed 
pMuta la 1003. At the ctoE$e of 10U3, lf333 new oi'eiia were bulldiGg and 5&1 of 

^ Reprinted by permission froii:i Bulletin of tbe AmeHcaa Itislltate of Mining 
^^neers. New York. No* 29, May, 1900, pi*t 4tfi£l-^fil: iJso In TransacUone of 
Aoierlcan Initliute of Mtalo^ EnitLneers, 1909, with diBcasaioa tbet^oa. 

^Ailnenil ResJurces of tbe ITnLtod States for lOOdi U, S, OeolOfdcaL Survny 
CWashLiMgon, 1907). 
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wer^ rut KtitiTh blArt bofor^ nJaruary Ir At wblab tllU4^ S32 new ovcFoa 
were In coutTw af odttfrtructkm. At the c3orte of 30(^5 th^te were only 4li ntw 
vvfitti |>ii|l{1lii|{. nud Fit lh& ot ItKMJ ijew work wnfi Umit^ tu llS Olto- 

HnffmM.TLii in^vnA, wlitch were being nOded to the 200 ov^na nlreuiiy ballt nt 
Johsistijwn, i^ennsrjlennlfl, hy the CnnibrEa Steel Company^, Tb«se new ovens 
were complefetl and pn( In blest In February, 1907^1 

TitlH eonilEtlon In soniewbot diflleiiU in unJerstaiuJ when the «?ea[iaDiJi» effoeted 
by the use of retort ovens linve been bo el^tly dctnonBtnittMl Those eeouomlefl 
eonstNt not only In the higher yIeM of coal in coke, but in thi! roeovtuy of the 
vnlnnble by-proiIactB of gas, tor, tind ufiniiouln. One of the rejas^ouH flmt imv 
tHH*!! HK^Igiied for the comiifirtitlvely retrugreFi^lve ef^ndttlon exbHkUetl by the 
fflatlsdlcs for IttOO nnd liKNfl i otitnphrbcuii tieliig ninde with Im=k‘IiIvc ovm eoiistriao 
tlon, 5,893 uc-^w^ bt-ohlve oveMH bnvliig been eonsiileu^ Jn lOCKV with -1+407 bulliLlng 
nt the eloH of the yE'jirl IK the Inelt nf n profitable noarket for cool tap^ Atnl yet 
the 1-lilted i^toteri Is Iniikorting eonl-tnr products to the tatije of lapvemi miUlon 
dolinrfl unnuallyT white the dei'elojjinent tkf the fttel-hrhiniitlng industry hns been 
hold hiLck of the I nek of assijrTiiiet> of ll sdendy supply of eofll-tiir pitch 

for n binder, uml n^^rs of ereoMitlng oils for ibe pniwirntlon of timber compbiln 
of ufi hihkilScb^nt domestic suttply of thin prodnet of coubtar distillation. 

Tile tnitli is that one brunch of indiialry k so dependent upon 
another that there must ba equal progrei^s alotig' the whole line of 
inditstriul life if complete recovery of all die available elements of 
our natunti reiitnirciss is to effected. The chemical industry must 
keep pace with the inining and nietallurgical ijidutdry, We may 
be moving too slowly in that direction, but we can distinguish a 
steady movement towNird this needful cooperation. It is cuc<Hirag- 
ing, for iiislauce, to find that the waste gases from the furnaces, of 
the Tennessee Copper t^ompuny are lacing turned intis aulphurie’! acid 
for llic tuftniifactiire fri>m southern phosphates of the superphoH- 
plmtes vvliidi the fertiliserni of the soulhmi cotton fields need. Fai!- 
iiig thi.^ mutuhl rcliitioii l^tweiui tlie nietaltnrgi^-t of Teuiittwee and 
the rhem teal rnanufactiirer, ilw blame should not rest entirely upon 
the metallurgkt for wasting that for which, heretofore, he has been 
unable to find a markeL The same ju-^tificatinn exists abroad as in 
this eonijtry for siniilui' waste in other branches of indiis'lrial activity. 

It is neverthelesM true that legal compulsion alone has driven 
manufacturers to in trod lice improvements and economies which w'ere 
demanded by pubiic safety, and Avhich have rednunded to the benefit 
of the reluctant corporations. In Germatiy and Flngland the dispoti^l; 
of noxious vapors uml nnxioti}^ liquors has Ihtu required of the 
manufactui'et^, but their cornpulsorj' removal from the atmosphere 
and Uie water iias resulted in their converBion into useful products, 
and tlie Iniilditig np of new technical industries. An agitation is 
fipriiiging up in the West against the fumes from smelting works 
Ijeing turned loose into the atmosphere. While In some cases the 
injury' done to vegetation may have been falsely attribntcil to tlie 
smoke from metallurgical works, the agitation has been followed 
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by some good resulU. For instance^ ilie Moimtain Cbppor Company^ 
having been driven out of Shasln Coiint%\ Califoniio. by the farmers, 
ha$i erected ehemica] ^nrk^ ns an annex to Us smelter at Marihw^t 
San Francisco Bay* ITere* a$ elsewhere, manufacturers are reluctant 
to go to the hea^y^ expense i oval vet! iif abating such nuisances, even 
though tlicy may know that in the end the abatement will lie profit¬ 
able^ As far back as 1&81 Mr, Vivian admitted (hat in recovering 
47 per cent of all the sulphurous add emitted from hh furJiaecM4 in 
Swansea he condensed 3>fiGG tpo^ of oil of vitriol at a great profit* 
This valuable though he does not .so state^ wa^ f^a'iired in spite 
of bitter oppe^ition on the part of iboae who were nltinuitely the 
most benefited by it. One looks witJi wonderment at the clouds of 
valuable ftiaies which float from tlie New Jersey shore over Staten 
Island to the sca^, instead of flow ing inland as acid to the chemit^] 
manufacturers in the neighborliCMjdi 

Our industrial devebpiueut, however^ has reaclm! such a state of 
advancements especially in the densely populutcti portion of the 
conntry^j that however averse H>mc of ruay to expend a large 
alia re of our profits in improvetiient.s designed prinmrily to relieve 
the public of nuisances* we nimi HubniiL wbelhcr wc will or not. 
And having obeyed tbe mandate of the law, nut many years will 
elapse before ive come to realij&e that ivhat we do under compulsion 
is m much for our own good as for that of our neighbor. 

T promised; however* to confine myself in my remarks to mattci^ of 
experience, T have licen identified with the eopfier interests of the 
ISouthwest since 1801. Though the *SoulUcrfi Pacific Ihiiirixid had 
<mly just traversed the territory, mining wuh unmedintely Htinuilftled 
by raiUx>ad trau^portation^ iind the Copper Queen Company, ni Bis- 
bee, the Old Douiinton Cop[>er Company, at Glotie. and the TA‘^iu_skvs 
(the pre^lecessors of the *\ri3:ona Copper Company) j as well as tiie 
Detroit Copper Company, were actively at work at Clifton. All 
three of the most jircKluctive dLstrictSt therefore, of southern AHssona 
were being explored, and, through the iniluenceof the railrosuh vigor¬ 
ously exploited at I hut time. But noiic of them were situated on the 
main line, or were linked to the transcontmental road by branches^ 
The Copper Queen was GO miles from its nearest rsilrosd station, 
Benson; the Old Domiuion waif 140 miles from either Wilcox or 
Bowie; and the mines of the Arizona Copper Company and the 
Detroit Copper Company were BO miles from l^irdsburg. Coke 
and supplier hud to be hauled in and copper teamed out those long 
di!^ance& 

The ores in all three camps were thoroughly oxidized. At the 
time this was supposed to be a coudition of the highest advantage, 
upon which the only po&^bility of economical treatment depended; 
and not without good grounds, for the tedious methods of treating 
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snlpliicle ore, so expensiw in lalx)r and fuel;, were still practiced. We 
all, therefore, ifnogiued in osir sliortsightedness that tJie da}' of doom 
for ttie copper interests of southern AriKona would date from the 
transition from oxidised to sulphide ore. Of the three districts, the 
nnly pmspemiis one dtiring tlie succeeding fifteen ^-ear^ nr so was the 
Uarren. and for reasons which wc now more clearly appreciate than 
wfl then did. The ores of the Copper Queen, or rather such of them 
as were t hen selected for treat ment. we re self ^ Jl u x ing. The)' contained 
about 10 per cent of copper* The slogs of that t>^riod* which we are 
now resnieUing. eontniried about jicr cent of oojiiH'n Asisuming 
the slagiT to represent G5 per cent of (he charge, about Ift per cent 
of the total copper content wuh licing stored away in them. Less 
favor able condition.^ however, existe<l at l>oth Globe and Clifton. 
The ores of both these districts were eKti-cmcJy siliceous and the 
furnace charge of ore had to be diluted with from 40 to 50 per cent of 
IjuicHtonc. The ailiceous ores as treated were probably of about 12 
per cent. The furnace charge was reduced by fluxing to between 7 
and 8 per cent of coppjer. The old slags — 65 per cent of the total 
charge — yield at Globe about *15 per cent atid, therefore, must have 
carried from 30 to 32 per cent of tlie total copper fed into ihe fur¬ 
naces^ We have re-tr&ated nil the old slagi? tif the Detroit Copper 
i ompany, at Alorenci, jienr Cliftciti, and know that they carried on an 
average of 4.5 per I'eut of clipper and must, ihert^fnre, have contained 
at least 40 rent of the tx>p|ier in I lie ore. At neither Clifton nor 
GkAie Was the dust collec'tcd, w4iich probably ix^prcsiuited a loss of 
another 5 per ceiil^ Comiidering the high cost of fuel and labor, 
it is not to lie wondered at that neither tlie Did Dnminioii, the 
Ari??ona fop|ier CrjinpaTiy, uor the Delmit Cofiprr Company, was 
financially sut^e^sful for the fii^ fifteen or sixteen yeai^ of their 
existence. It was fio( until alj the richer carbonate ores had been 
wa£^ed by being largely converted into slags that the conipanles 
recognJ^^iHl that their salvation depended upon securing sulphide 
oi^s; upon making metnltic copjK!r through the medium of matte, 
and throwing luvny less eo[>per in their slags. little* however, 
was this fact appreciate^l at first that we all envied the ^Iri^iia 
Cupper Company, because it. could turn the San FmndscD liiver 
into its works and gmiiulatc and w'ash away this valuable refii^^e* 
And when the Old Dominion mine struck large volumes of water, 
the Old Dominion Company committed the same act of foUy^ wash¬ 
ing iti^ 3-5 per cent slags into Pinal Creek. 

li&d the compuDles realisjcd the losses they were incurring etid the 
only remedy applicable^ they Avould have lien obliged to dose both 
mines and furnaces; for except at the Copper Queen, where sulphide 
ores were encountered within three or four ycar^ after the mine was 
oiJCJied and were considered a nuisBuce, hcav*y sulphides are rare. 
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Thouptb the Old Dominion CoiiwaHdttttd Company Imss explored its 
propf^rty to the sixteenth kvelj Vietwet^n 100 and 20Q tem^ daily are 
imported fmm Califoniiii and Bji^bee, tlie company V o%vti mines pro¬ 
ducing only about fiO per c^eiil of the sulphur rfKiiiired by the furnaces* 
And at least one of the Clifton smelting companies h obliged to draw 
daily from abroad hy niilrtMid about BIO ions of fRilphidfs high in 
sulphur and low in copper. It follows^ tlierefore, that there was no 
alternative in the early days between either suspending operations 
or making copper in the wasteful manner vrhich the companies then 
pnrsiicd^ 

Looking at the situation from the standpoint nf to-da)\ if we place 
the adA-atitagcs and disadvantages side by side^ we have on the side 
of the advantages: 

L The experieiu* which was gained during tliat long period of 
ndvei>ity, which is now being turned to good account, not only by tho 
original companicSi hut by the many other enterprise^ii which have 
entered the same field and ure profiting hy the kjsses of tiic pioneers. 

2. The southern poiticm of the territory has increai^^d in popula¬ 
tion and in w ealth, mainly through the exertions of thesie copper com¬ 
panies^ even w^hile they were losing money on the copf^er produced. 
They not only empioycil LlioiLsand.s of men. hut they imnle u market 
for the agi'icidtnrai developmeni of tlie niiiouin of arable land 

within reach of the mines. Had the mines of (Tlobe and Clifton not 
l>eeii o|3eraiecl ]>ccaiise pecuniarily tinsn<x;esi^fnh mid hud not the 
shareholders bet^n willing to ho]wfnl promises iii lieu of divi¬ 

dends* Aristoua won hi not to-day lie making an imanHwerahle plea 
for udmii^iuii to the fTnion os a State- 

th Tlie uUiiEiate success lias been ilije to the advent of llie railroad; 
fur railroads are setdom built into unpr(HliicLivt^ regions iji the ex[>ec!- 
tation of I'rc^ting Iraflic that iloes not exists 

If we turn to the disadvaidnges, they itre, of course, palpable. At 
tlie present time, wheti we are rnattlng nur copper ores instead of 
making black ctjpjier direrit, the bUskgs from those three gTou[>s of 
copjier furnaet^ run fn>m 0.4 to O-S tier cent of copi>er* Even when 
the slags are re-ireated^ copper in the slags rr.suUing from the alag 
trcafnient runs higher than in slags from the trt?atmeiit of orc^ owing 
to the difficulty of reducing ailicates. Thus^ when the slags are re¬ 
treated, there is the double waste of fuel and the double w ajUe of lal>or. 

Even supposing that our economic .^stem were different* and that 
necessity did not drive public corporations to utilise wastefuUy tho 
resources they acquire^ I think that the l>alance of advantage to the 
country at lurge^ as weQ to the district, would indicate that it is 
better to make progress and thereby gain experience, even at the ex¬ 
pense of ^udt wa^te as 1 above iudicute^ rather thau stand still and do 
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nothing, in ihe hope of more ftivomWe L-onditions (ieing brought eiIhuiI 
by Providence rather than by our oivn efforts 
Certain iesams, however, tho above recital of expericne* leaches. 
One of them is, never to throw awaj- nurthing that conluins material 
of any valne, even tliyugh it may seem to Iw valuelesn. The time 
mentnbly and invariably comes wLen. through improved conditiorw 
or better methods, what was waste to one gotienitiua becomes of value 
to another. Most of the filling of the old slopes in the Copper Que^m 
mine and m the Old Dominion mine has already Ijeen re-trested. Tn 
the case, therefore, of sulphide ore, which is too lean to handle, it 
should be stored mtderground ratlier than c.spo=ed to the weather at 
liie surface, I am not sure whether wc are justified in ballasting lair 
railroads witli the slags which we are making now, lean sa they are. 
One can not see how 0.5 per cent of copper and u little gold and 
Bilier can pcssibly bo recovered to unv advantage, and \'t't tlie future 
inny reveal secrets whidi wili convert such impossiiulitk-i into possi¬ 
bilities, Ihe slogs from the iron blmst furmictsi, which were deemed 
va ude^ a genemtion ago. arc nmdc into hydraulic cement to-day 
e all rcc^ni^t, the w aste that has resulted in the past from wash¬ 
ing atvay gold tailing, which often ran several doJlars in gold to the 
ton, liad they been impounded, the minerals now, throitgh weather¬ 
ing, would lie in the fittest possible condition for evanidiog. and 
w'ould give up to this process their rE^idmiJ values to within a trifie 
of heir content.^ The same rule of preservation should be applied 

sulphides, no matter how 
.Slim I their pero'eiilage, slowly decay, and give otf tlidr conoei- ns 
soluble sulphate, whiid, can lie precipilnted on semp iron at 1 very 
inconsiderabie cost. If the Im^hty In* such that these waste materials 

'nieixi seems, however, to be a fascination in contemplating toss 
nither than saving, and while we can not e.xaggoraU. tlie follies of 
wuKte, 11 is not fair to tlie profession to overlook the efforts that have 
lieon consistontly made within the last three-qua tiers of n w-ntiin'. 
and aro stiff l»mg made, to eliminate waste. One of the anonialiefi. 
however, of the problem Ls that the accused mining and technical 
engineer compose the only section of the public whiett really u„nre- 
emtes the cost of waste and tries to save. ’ * ^ 

The recovciy of heat units in our domestic fireplaces and furnaces 
IS far leas than the recovery of heat from coal burned tinder our be*=t 
boilei> when measurosj as power generated in our steam engines. 
And (ho waste m our kitchens and at our tables involves a greater 
national than the wa.ste in our coat mines. In the one case the 
people at large are making no effort to minimi^ it, while every tech¬ 
nical man of repute is putting hh best endeavors into devising means 
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of getting the highest officieney out of nntuTR's foreei^. wiLli n riew to 
turn natui^’s resources indirectly to the greatest good for the greulest 
ixuinl>er« 

rf WG liwk biickwftrd to what has happened within our own day 
uiid espericneo we may justly feel some i*e9ontment at Ihu harsh 
criticiiiiii which is now iwing ko genera My aimed by die prc*^ and llie 
public at technical men. And Mils h partly true likewise nf the 
ttriclures m indifieriniimitely pjLssed upon I he corporations which arc 
instrumenitil in developing Ui& country's natutnl wealtlii 

In the middle of the Inst century [ess than one-half of the iron made 
in this eonntiy' was smelted with anthracite^ and the halance with 
charcoal or charcoal and csoke,*^ The devastation of the forests w"as 
awfuL Pearsc^ gives the coDsumption of wood in Berks County, 
Penusylvania, in making 10^000 tons of chiircoa! iron in 1828* 1829, 
and 1830 at 250,528 cordft. To seeiirc Ihi^i amount about 8^000 acres 
of the finest forwt land in the country mtist have iaien stripped* In 
England, wdiere most of the iron wa^s made witli coke as fneL at the 
same dote and until 1875, ihci^ were cointoined from 35 to 3T huiulmh 
weight of eoke per ton of pig irotu In 1875, when tlie AMxitwell 
stove was introduced to heat the blast, the qunntity of fuel con¬ 
sumed was j-educed by 3 or 4 Inmd red weight. By improved me- 
ehiinival und meiallurgicul appliances that consumption In the ktid~ 
dlcsbruLigb district is now lowered to 22 hundredweight,^ 

This saviiLg of fuel in the blast furnace has, in this country as 
well ns m Europe, been effected through the f’leepless activity of 
metalliirgisLs and engineers, by inodifying the size iind sliape of the 
great itxui stacks, increashig and rcgidating the temjjerature and the 
pressure of the blast, and by the introduction of appliances for utiliz¬ 
ing the waste heat, ITie difference between the 37 hundredweight 
of coke fonneriy needed to make a ton of pig iron and the 22 hun¬ 
dredweight now consumed, multiplied by the number of tons of pig 
iron made in tlie United States in 190&i represents a saving {assuming 
1,75 tons of coal as required to make I ton of coke) of appro.^imately 
30,000,000 tons of coal* 

The progress along this line in blast-furnace practice has been 
steady and wonderful, and has cultninated In the ingenious device 
of James (Tayley, which etill further economizes fuel, by freezing the 
blast before admitting it to the stove, in order to eLlmiDate moisture, 

^ Ifi line Iron ^latinOicmrcr'a GiiMe (390*J)+ Ijfrslcy gtrcft tlic total pnodoctlaia 
In iJRAt at tons, of wlilcb 417^123 tona waa iJmrcoal or cIiflreoftl-aiid^Mjfce 

Iron. 

•eVincSiw History of tlir Iron Mannfncture. |u l5fJr 

<■ A ilcstrlpElpn of M^ra. Bell Brt^thera' Blast rnninct^?i fratu 1S44 la lOOK, 
nail other papetar Jeuranl of the iron and Steel Institute, voL IS. tNo. 3, 
imj 
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and thns supply the stack with a gaseous dement of us ennstant and 
reliable a composition as the solid elements of fuel and ore. 

The advances in blast-furnace practice Iti the direction of fuel 
saving have been great. Hut tliey are not as startling or as pic¬ 
turesque as the eeonuiiiics which followed tJie introduction of the 
pnetunatic method as applied through tlie itiechBuical and metal- 
liirgica] skill of Bessemer, and as developed in the United States 
through the genius of UoUoy, We can all recollect (he distressing 
sight, esia*cially in summer weather, of the puddler, stripped to hLs 
waist, toiling over his furnace, w'hile bur ning up from 20 to 27 
hundredweight of coa] in converting 1 ton of pig iron into puddio 
bar. Ijcaving out of the question the fuel used iu generating the 
power for operating the Bessemer oonvertors, which, however, is 
generally recovered from the waste heat of the blast furnace, the 
amount of coal saved in makinj^ Bessemer steel instead of wrought 
iron (hmtig the same year of lOOC exceeded 32,000,000 tons. 

The metallurgy of copper has benefited as acutely as the metalliirgy 
of iron and steel from the combincfl science and skill of the mechan¬ 
ical and nielallurgical engineers. One recollects distinctly how, in 
the old brick furnace, ii campaii^ of len'days, with a daily charge 
lit 10 tons of ore, was looked upon as almost phenomenal j and that 
from the time wo began roasting sulphide ore in heajjfi until the 
refined copper wag turned out after endless handlings of the mattes, 
us they were worked up frtjiu lower to higher grades, about three 
months waa occupied. Kow, bj' means of mechanical roasting fur¬ 
naces, large jacketed cupolas, electrical cranes, the Etessemer cron* 
verier, and the Walker casting tabic, the ore is turned into metal in 
fewer houui than it formerly look weeks, and at the same time almost 
rljspensiug with hand labor. 

While these industrial changes were going on In the mining and 
nietallurgicui fields, the electrical engineer was bringing under con¬ 
trol that tremendous force which Faraday investigated as dynamic 
electricity , and we iiictnllur^sts have not l)ecii slow to apply it, both 
to the saving of fuel and other natural resources, and to the con¬ 
servation of human labor. The modern rolling mill, in which a 
motor replaces the small engine and boiler that used to operate the 
rells, and the modem elecLrcdytie plant which turns out electrically 
pure copper, are only the more visible benefits that electricity is 
conferring, IVhen florae of us commenced our technictil experience 
the deduction in precious metals made by the refiner of copper be¬ 
fore any contribution was made to tlic miner or the seller was $60 
worth per ton of ore or metal. Under such heavy charges com- 
puratively small amounts of gold or silver were or could be saved. 
To-day, through the application of electrolysis to the metallurgy of 
copper, about $3,000,000 in TaluCj which was formerly lost. Is now 
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recovered annuiilly and goes into cooinKjrce a^t a by-prodii<:t; for 
the world’* cuopper may be assimied to curiy un averngo of $10 per 
ton in gold and ailver^ 

Tlie last application of thb mj'^orions force, by traiisitLitting 
from statioaRry engines electric current for the movement ijf trains, 
aiRi-s at mlucing wbat la certainly oTie oi the most wa^deful uses of 
coal—its cfsnaujnption in the locomotive for the generation of steani. 
In distributing our coal supplvi the railroad bniTu^ up from 20 to 25^ 
per cent of the total production of our coal This will be 

notably reduced^ thougli to wdiat extend has not yet leen determined. 
Hut befoie this desirable consummation is attained^ if clcctrknl 
engineers continue to extend the limits within which long-diitanL-e 
transmission can Ise applied! economically, they will bring the latent, 
neglected force* of the whole continent to our doors^ and the water 
powers a tlioiisand miles away^ us well as the %rinds and tide*, will 
propel our niilroatl cars as well as heat our house*- Tiie service 
which coal now’ performs wdll be fulfilled without the expenditure 
of human labor and the diffusion of so much obnoxious smoke and 
vapor* Li>ng before our coal supplied arc exhausted, even on the 
most pcs-simistlc ealculatiou, our chitch'ijn wdll gladly leave the bal- 
nucc in the ground, and charge off to profit and lows Home of what W'e 
now consider oMr most \ ulliable natunil asset. 

There is no doubt wlnitevcr that the dextrud-ion of our fortsits i* 
attended by a htist of such terrible con??etpiences that a halt mu^ be 
called. In die early days at Bjsbce, when we w^ere at a distance from 
the railroad, we of neoeesity almost stripped the liilla of their scanty 
clothing of stunted w'ooti for wo were forced to use wood for the 
generation of steam. 1 find from one of the earliest statements that 
the company burned about 4 jOOO cords of wood for the year. The hills 
for miles around w'crc completely denuded, with the result that tlis- 
astrous fioods have ever since almost anmiallv deluged and doniiiged 
the town, which is built in the troughs of two converging valloys. 
As mining engineers wc are sensible of the ruin which reckless lum¬ 
bering involves, and we lower wilh regret every stick of timber that 
we hurv' underground. Xor are we satisfied to bemotin the fact with¬ 
out making some effort to reiuedy the evil. It has been suggested, 
and we are trying the exj^erimerit, to replace wood by iron. The 
forests can be restored in tiuiE by reforestation, but iron ores can 
not be replaced. And, therefore, it is a false economy to attempt to 
isave a reproductive material by substituting one which rusts and 
can not be regenerated^ Concrete i* also lieing u?ed more and more 
in mining ojwrations, and against its substitution for wood there can 
be no objection; but the most notable economy will result from im¬ 
proved methods of mining, especially from the introduction of the 
caving and slicing systems* These were introduced into the Cananea 
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mines when Arthiif S. Dwight waa manager: and Doctor Ricketts 
and Mr. Kirk have extended Ute use of the methods and applied them 
so sutcceesfully tJial l(ss than half the timber is used per ton of ore 
ext reeled to-day than was hnried in the mine three years ago. Tlie 
following data, kindly supplied by Doctor Ricketts, represent the 
saving whitrh is going on at Canaiiea, and in iitany mines where the 
same method is applicable: 

rfiat^-r reiwranif-a per itm iwrti of ore proiltuxa q| rannaro. ilr^HcoL 


FotattkiiT jl^ieeiprr 
mlDcd. ttftT Qiodw Ema, 



A&f,47a tf.» 

wjMti II,» 


TtV Idle it would be presumptuous to pretend that, as a people, wo 
are economical, and to deny that, under nnxlem corporate control 
of large national resources, the temptation, under necesaity of niak- 
ing large profits, is not betimes stronger than the appeals which 
conscience makes to subordinate petsonal gain to tlie national wel¬ 
fare, [ am sure that neither our largest mining and metallurgical 
wmpanies nor ourselves, as their working agents, are recklci^lv 
indifferent to the preservation of Uioso very materials upon which 
the wealth of the corixnwlians and our own salaries depend. No 
large corporation would to-day use an old Imiler and slide-valve 
engine with a consumption of f> pounds of fuel [wr horsepower hour 
in preference to a triplc-e.vpnnsion, cut-off engine which will do 
the same ^ork witli 1.5 pounds per horsepower hour, and so on 
through the whole gamut of operations which these large corpora¬ 
tions conduct and which we, as their managers, advise them to adopt^ 
becaij^ we helieve them to Ixs the best and most economical methods. 

^VTiile public policy tnay not be the prime motive for saving, every 
thinking man in a large institution, from the manager downward, 
takes a pride in knowing that he is saving and feels a »nse of shame 
when be is conscious of wasting. And in economic life—I do not 
speak of ifocial and domestic life—the rules agaimd waste are be¬ 
coming more and more rigid and are better enforced. The public 
outcry, therefore, against the large corporations for westing the 
natural resources of the nation is unjust, in so far os it fails to 
recognize what they have done and are doing in the direction of con- 
serration, and inasmuch as it gives the working staff of these great 
corporations so little credit for the marvelous progress the world 
has made through their infitrumentality. They have saved where 
formerly, through ignorance and inexperience, their predecessors 
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were ifnstitig. With more profound knowledge and better Lnstru- 
ments for obserration and invcstigattoii they are [Mtiently unravel¬ 
ing nature's secrets and learning how to turn her forces to human 
uses. I cited a case of the unavoidable waifte of copper ore, of fuel, 
and of human labor in the treatment of the oxlciisvt^ copper ores of 
Ariiona twenty years ago. The men who were wasting acted upon 
their knowledge and skill. So now it often liappens that in response 
to the urgent cb!] which modern society rnnkes hy tits and starts 
for enormously increased productiveness of various cTomntodities, the 
demand can be met only at tlie expense of waste of na lure's rcsotir^, 
of human energy, and even of human life. If a more staple balance 
could lie maintsined lictween supply and demand ■ if the current 
of domestic and economic life wotitd nin more smoothly t if wealth 
were not accumuTated so easily and spent so lavishly; if those 
marvelous iniprovements to which we have it'ferred wen* not period¬ 
ically made, which give these irresistible impulses to world-wide 
human energy*, thereby bringing about these oscillations between 
hard times and good times, between labor dearth and lalxtr surplus; 
if all these disturbing elements were cdj] iters ted, certainly there 
would be less waste, and possibly there would Iw more hiiiipineas. 
But it is neither our pan nor within our p<>wer, as minjug and 
metallurgical engineers, to reconstruct society or renovate tlm world. 
Yet it is our rttity to continue using our best efforts—whether the 
world recognixes our merits or not—to get the utmost energy out of 
human life as well as out of tlic inert niateriai we handle, with the 
least possible exhaustion of human tissue and the imiflllcst possible 
waste of mineral or vegetable material. 


Disruasiox OF THK t'APKR OF IiOFOT-VS, I'UKREN'l’KP AT 

TUB SKW HAVKN MlJKTi.va, FEJIUPaRY. 1U»0, 

James Douglas, New York (communication to ihp secretary*): 
In my paper on the Conseinatlon of Kutural Resotirccit I referred to 
the alow replacement of Ijeiihive ovens by the by-product ovens as a 
most notable instance of waste. And T ijnoted from Mr. Parker's 
re|»rt for 1906 an explauittion given by him in accounting for thp 
small prodnetion of by-proflnct coke. It waa that the market for 
the by-products of the coke ovens was so limited tlmt some of tho 
ovens constructed were out of operation. His report on the manu¬ 
facture of coke in 1908 * docs not record an improvement, and at* 

* Received February 2, 1010, Reprloted from Torn factions of lUn Aniericao 
loBtituU! oi uioina li^emeera, looo, pp. 34i-34a. 

►Miiicnil Resources af the Uaited States far 1008 . Part It. u. a. rTColwtloil 
Sarvey (1000). 

4iST46*—.UH 1060*-2S 
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tributes the i^mnge fact that we alone of all the indii^ntrial peoples 
delay the adoption of this cardinal improvement from the con¬ 
tinuance of the same almost ines^plicahle cause* To quote again 
from his report, he siye (p, 241) z 

The ?efif liios was net leartol kv anj noiable fialn In the coastraciloo of 
by-nrcMlitct cftklni^ iilaotM. th*niBh wotne new wot-fc wbs flone. There wns a net 
tncmiBe of 115 la the iiuiuber nf eOmpteteO uvenfi lu 1009 oi'er i£Ni*, iho totala 
for the two years bi+liije* rospcetively, S+SfiS nuJ 4,007. The nilOltloTial eiiiU|V 
mprit eonalsted or 14ii Ko|i|>ens regeDemtive ovens li^uUr ni JolleL ElHnoLs, by 
tbo UuUtHl Stitici* wioi*] rorj>omtltiiii, tmt thia IncrKti^e wna i^rtly efTHct by 
the (UNtruiuftltig nf ovi'iia at 9hnrob, Teiiiii^s'lvniilii. the not 

fSihi Imliij? 115 nveiet Included In the lotnl of 4,007 cumiileted uvetis Iti 1009 
are 152 Newton-Cliomhors oveni* at Vfutoudnie. PoniisylTanin^ but ii# no T^^ 
CO very of by-prodiietB wns Ciiiiie nt this iilimt In llMlM. the pruilupllon oC coke 
Ib luehiLletl wltJi tlmt frutu lieehlve nveiia. The iwenw of the ^itte ty|je nt 
PoouhiJiiliiB, ViJTrtaSa, hnve not KHni la pnietical o[ienitlon sliu'e ihey wen^ 
drst ituntnneth Fti nOilltloi] to Hie»e there wjis uno utlier hy-product plant nf 
TJX} overui tlmt wits not ojwnited dartiiK the year. The number of retort ovens 
pfnOudnFr coke In lOOi^ wn# 5,079, as eompartHl with 3^11 netlve Dveaa In 1007, 

In dc^rihing the anomtily he says (p. 24 ^) i 

It has iH>t>teiu|ed ttuit flH> iTevelojitneat of the liy^produet coking InduBtry 
woiitil hcLve Kbown more tupM prograse If markets for the by-prckiaei^ wem 
aPHuroth ThlK la^iinltin €z>=k'4eailany to the r^nl tar and ItB iirodiictvL as there ts 
no dimeuhy En ilJttpiMlijg <if ihe KurjiluB ga**, atnl there is pnkcflcally at all 
tJtneK a fair demand for wmaioTile, As to the ctial tnr^ iho total tflIu+> of thU 
by-product fiHiai retort ovivn?? nt Bret htind La 1008 was The value 

of the cnaMar prfflJttctB Itni^ortcd Into this eountry Id llKW^ knelTallng duty |»ald^ 
ttTisi Thti valtn* En all caapn of liL][>firts siw at jwltit yf 

and do not hielude oceoa frelp^hlA cOmml^Ioaa^ and other oxtHnasea^ tt la 
probable iluJt these Uiuxtittithuia lutvp Kneheil the conraiaer at el mhit cottt of 
not li!«a tlnm |12,LN^,000, and in the three precedlpii years tbo cost probnbTj 
nncbcil flkOOO.POO. 

These coal-tar pmdticts, ho-werer, which nre imported into the 
United Static at such a heni'v aro nil chemtcnl extracts from 

coal tar. such as salicylic add, aniliiic dyes, and alkaline .suits, the 
manufacturt* of which h<ia passi'fl in preat measure into (lennan 
handa, Some iMH'iiliar attrihnte of tljc German tcinpcr, and the thor- 
oufEh character of their teehoical (Kliicatlonul niethtHis, iiave piven 
them a inon<^>oly of this delicnte hmneh of the chemical indiujlry. 
Even England, wheii* originated the manufneture of the coul-tar 
prndiieta, and where the lirst patents were taken out, has lieen un¬ 
able to compete with her more preriije nnd painstaking rival. 

As the utilization of the tars is tlierefore the fimetion of the 
chcmk-al mBhufactiirer, and the product io!i of the mide winterial 
alone fulls to the coke maker, the one indiLHtry must keep pace with 
the other if progress along either line is to b made, Aa the profits 
of certain £urot)eau coking plants collecting the by-products are 
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gienerally supposed to be from $0J5 to $1^5 per ton of coke on the 
by-products nlone, it would seem as though cflpitiiL and science 
could not be njore profitably employed in the United States than 
in MfflOTing this cndng disgrace by turning the waste products 
from our coking establishments to such profitable use. 

With regard to what will happen in the distant future when our 
coal supply is eL^bausted, Dr. Robert Thomas Moore, in his presi¬ 
dential address" before the Institution of Miniug Engineers in 
London on May 2T, 1909^ says (p. 455): 

Wlietaor, Indeec], it \8 a prolltahle tuatlvr to aitemjjt to tlio state of 

Britatn three hanOred ymret aJle? with Its ecal eJchiiTi^ted. or a worlds 
Hij, two huailreU Later wlieu it tg all aihisIhiNlH la often to questLoa, It |a 

certain]j bejoad Uie scope of the nbjeets of the lastLliUlcia. 

I do aot thiiLk It [tJself as an ocouDaih- iirlDelfle to restrict ]□ nny 

wfly the legltlaiate dt.'veU*pnicnt of aur ajiueml r(?»rf>urctt!L They are u aoarce 
of weft It b to oiirwlrrav aaU we are licliiluif to dcTelop tlio werJcL Is It imt 
more reaHoanble to trust to the of wicnce te illgcover »scnue fre^k 

method of utilizing fh+^ of antiire tu provide a frEtbstUutol' W'ho 

would have esi>eqted. even thirty years ago, the Immense ixrssdbllltEes for dls- 
tribtithiR lisht and beat and power that the develo[}mefit of elecirJclty lias 
openwl up? We hare the fopci^B of the t^lafan, the wiad, and the tfiles to 
utilize to the otniogt. We muy even pet our lii^il a ad jwiwer direct from the i=inn t 

Those who conte after as a Joag lima in which to coneMer the prot>lem» 
and we uuiy safely U*uvu It to them to wtTe Jn rhetr owti wny. 

Hut Uinf itt w^hlch we should ratefu] i», that iie fjhniUd use our ccal 
la thEt |Ki«Aih1e maaner: tliat III the worklcg <if It and In the using of H 

there shoutd be no waste, either of nieo, of melerlnl. or of truwfUiru; ami U la 
the duty of an Institutioa such as onrs to 4ifrord every a id to the presititaltoa 
of any plan wMch will further the attahiment of these oMects. 

His remarks upon the ever-increasing corrdimption of coni, despite 
the efforts of the engineer to economue. ate worthy of quotatiom 
He says (p. 453): 

It IS a striking fact that notwithstandlhg nil the Impmrements which havo 
hwm latrTMjueeil to fN!oai>iuEsbe coal la the various tnilostrlaa, the total cjcmHunip- 
Uoo has goae on lacmaiug, it seemB ag If the greater tho eoouomy liecomeB 
Ihi? Jarper In thE* eunHuniplioDL 

There have Ihhti atmosphcTic engines, Walt*a i^iaaertfdng engiaf^ hlgh-p™- 
pare tiogttiefl; compoiiihl engines triple and qaudniplo cxpunsilun etudni^, tar- 
bliit*ts iiial ^aiH eaghies, each hidra: an improvouiotit oo Its predcce$^rp imUl 
the coal consumed horseiHmcr tK^r lionr haH been r^Hlm-cd from over lO 
pounds to lhTef^fourths of a jjouud; th€> iuf>thods of Iron smeltlag hftve Iwea 
Improved until the uniount of fuel oued has been mluced from R tons per ton 
of pig Iran to TOusideraljly under 2 tons^ tbe process for the auuinhictnre of 
Rim ha VO bf^en laiproved^ and tho whole history of Lhu eentury has 1 m»o a long 
series of snvines lii fut^l. Yet the total otatgnmptloEi uepcm on sTwidUy lucroas- 
|na^ It would serein that this niano ibe cost of iKiwer Is cheflis^id^h the more 
are the purpOEg^ for whJch It becoiuos aveUalila 
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THE ANTARCTIC TJ^XD OF VTCTORTA. FROM THE 
VOYAGE OF Tins “ DISCOVERY.”- 


Hy MAHKirr; ZiMMinaiA^^. 


It is now pO[=siblt to measure the full slf^iirieance of the remits 
oLt^iiiicel by the gmit British iiAtional ex|je<litioii of the DMcoverff to 
the ADtarctio of Victoria nnd Bxm Barrier rlnring the period 
from lliOl to 1904. Prior to 1905 fairly abundant but preliminary 
iufarmntion was ftirnished by the Royal Geographical S<>cEety of 
I.djndon^ faithfuUy kept up4o-date by Its former president, Sir 
Clements R. Marinann who hml been one of the most iirdeni pro¬ 
moters of the enterprisise. Then came the admirable account of the 
expedition by Cajit* * H. F. Scott, one of the motst sincere, humane, 
and snbstanliah which it has been our pririlcge to read, and the 
book of Lieut, A, B. Armitage-'^ 

Finally, there began to appear in December, 1906, under the direc¬ 
tion of the Royal Society of London, the volumes of sseiontilie 
luemoin^. Their publioitipn has been effected with remarkable ra¬ 
pidity, nine volumes having already appeared and an album of 
ina]is, of which the Geographical Society of London has asMimcd 
the expense of publication. The Royal Society had given the mir- 
veil lance of elnl)oiiition of the various documents into Uie hands of 
a special comiiiission and Sir Archibald Geikxe, its sceretar3". The 
trustees of the British Jfuseutu took the collecticm of natural his- 
tor_v in charge. The distributiou of the collections and the selection 
of specialists was the work of Mr. E. Ray Lankasier, director of the 
Natural Historj" Mui=eiim, and of Mr. Jeffrey Bell 

The scieiitilic resiults appear in very luxurious fonn* Tho selec¬ 
tion of jiaper, the l>Hiuty of the photographs, the abundant pano¬ 
ramic views and the colored plates, the frequent reproduction of 

«Traiis3atctl lij laymUfifUon from Annales de GCooraalile. Paria. No, OS, IfkJj 
year, March 15, IBOO. 

* Cajit* R. F* Scott* The Voya^ of the Loaileu, lUOO, and Ueat. 

A. B. Armliupe, ""Two Vefirw tn the Aalarctic, BcIlj? a Narrative of the Brliiflh 
Nadonal Antarctic HxpediUon,.*' Londoa, 1U05» 
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certain (locimients fear the reii<lei""H benefit, rU atteiit dispoisitiofl to 
do the ^vork on a verj lii>eral scfile^ 


L tiEOLOGV. 

Victoria Liundj to-day elevated and clearly delineated^ constitutes 
ji chain, or rather a series of mountain chairts extending in a nearly 
Btrnighi line from 7L^ to aS® south laliiudc, far a distance of nearly 
kilometers. Some portbrn rise to an altitude of JlJOO meters, 
and it may here be remarked that none sink touch l)eloi.v 1^00 meters. 
Victoria Land thus presents to the sea an imposing coast line in the 
form of an abrupt wall aUgticd at the foot by volcanic islnjids nnd a 
sea (350 to 500 meters deep, according to the soundings of Ftoss and 
the which might well constitute a gulf, Dot^tor ilsc- 

Cormiek. of die Ijclievcd that the entire chain >vas volcanic. 

Tlie observers of the w^hieh cruised nearer the ct^ast^ 

showed that this could not lie so; the regularity and tabular iisjH^ct of 
the coast line and the readily perceptible lines of strutifinition indi¬ 
cating rather a jdateau structure. Mr* Fcrrar was later able to study 
close at hand a portion of the range which they have called the 
Royal Society C’hain/' und to determine It^ geological structure* 

Tlie subba sement of Victoria Land seems const it uttsl of a plateau 
of gneiss and crystalline limestone which elsewhere format on many 
portions of the coast, a belt or zone of some 1^200 to lliOO meters 
mean height, in advatico of the great tabular escarpment so charae- 
terbtie, to which reference has been made* These foothills, or 
ovant-moubi'' are themselves bcpamted by u north-sonth depre=^iion, 
or rather by a series of north and south valleys from die mountain 
wall, perhaps 3,000 meters in bei^at, which succeeds it, and Ls cut 
up into pyramidal praks^ This structure is very plain for a distance 
of 4tKJ kilometers l>etwe€!n Cape Adare and Cape Wasliington : it is 
found idso in llie ]^oyal i>fKnety Range. A sort of piedmont or low 
foothill region lies in front of the bold escarpment of the ebuin and is 
separated from it by a volley, the Snow Valley> filled by a glacier* 

This platform of gneiss carries a seritiis of beds some 3.tKK) meters 
in thickness cotn^Kisoil, from below up. of granites, sandstone, atul 
doleriiic basalL Mr^ Ferrsr noted in particular the escarpment of 
CatliPtlral Kocks fanning the right bank of Ferrar glacier, as fnr- 
nisliing an epitome nf the geolugical Ivisioty of the region, with Its 
base of gneiss, surmounted by granite and cut by granite dikei^ while 
the upper horizons comprise a bed or sheet of dark dolerite nipped 

^Thi? fan tliJt of Uie l»ok Lh: “ NatioanI AntartUc Hxiw?aitloa, liXU-4; ” (a) 
Natiiml nSfltfsrr. VaL I, (JeoJojo^ iVWM Gcotogj i ). Vol. ^ 

Zool^ay. VnL a. Koolojqr imd Betany. VdL 4. Zoq|i>^ ; i 1 ^} PliiraSHil cbMrva- 
lloaii; (c) ilptecrology: {tiy Album of ifc|iotoifrti|slift ninl i^keo-bt^ with a port- 
foflij ipf ikaiiunuulc! vicw& 
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by yellow i^flndstorfci? (tJio Iterteon s^nd^rtone Tlib aspect is 
presented with great unifomuty* the prorsounoed color of the doler- 
ite foriniriir a contrast npparetii even in the photographs, with the 
deary often yd low or while tinlH of the s^ndptme. It is, nevertheless^ 
ortlinarily tlie strikingly horizontnl slieets of ihr cJoleritc which con- 
stitiito the crown of the ditffi and whence they derive their tabnlar 
aspect The dolerite frc«iiicnlly nhernnti.'s, moreover^ in thin sheets 
of surprising regularity vrith the beds of sandstonoy from which they 
are scarcely separable. Mr. Fcirar thinki? that these volcanic ont- 
pourings have formed n continuous sheet, at present morv. or 
erodech and he calls attention^ above all. to the fact that in spite of 
their striking regularity the beds have* twyond doubl,^ an intnisive 
origin, and there is notliing to indicate that tlicy were snpcrBcial 
outpoiiringp (lava flows). Mineriihigiqally^ thin rock greatly re- 
settibles^ according to G, T* Priory the aiigitie dioritc wdflclu in form 
of dikes, cuts the grannlite and gneiss of mendionol India. The 
Beacon simdstone has a total thiekne^ of abnut GOO meters. It is 
distinguislied by the veiy^ evident stratification find hori^sontalitj 
of its bed, by a remarkable uniformity of texture* and by the vertical 
escurpinents which it affords* These beds arc in places impregnated 
by irregnlar dark bands* due to ciirbonaceoiis iout ter. Samples 
collected by Mr. Fcrrar in thediffs o^ierbanging the glacier iM-iiring 
his ntinie w^ei^ c^camined by the palcobotani^i^ Mr, Xcwell Artjcr^ 
Unfortunately the impressions were too greatly altered to permit the 
drawing of exact botanitat ccaicliLsions thcrefrrjiu; bnt they were, 
neveithvless, regartled as of vegetable urigiuy though no opinion was 
renderetl a.s to geological age. One can only drau the conclusion 
tliiit at some earlier, iindetermined fieriod* plant lif^j flourished in 
latitude TT* SO'' xouth. 

The complex of mudstone and dolerite of Victoria Land has !>ccn 
studied In detail only in the lioyul Society Range on an area tlmt Mr. 
Ferrar c^-timatc^ jtt 7,000 square kilometers; but it probably occupies 
ns vast an extent to the soiuli os tu the north. The retorts and [jhoto- 
gniphs of Licutcnanl Shackletom ttndy aliove nil. the marvelous patio- 
ni m ic cJni w i ng^’ o f I >r. E. A. IVilson. Aiow tb at even alK>ve SO ^ o f I n t Unde 
Lh[' Maine horiaontaliiy of the e^arpmciit prevails^* During a prrit^id 
of some weeks the three men of the southern exi>edilioii skirted Jiloug 
this eicarpment, the summits of which apix^arciL according to the 
angle of view either as table-land oraspyniiiiidal pealo^. Idie^e mas¬ 
sifs* of wlueli Mounts LongsialT and Markham, latitude 83“ souths 
mark the terminfil boiimhirVy with altitudes of 3,150 and 4*1300 
meters, are ordinarily upward of ^.OCX) melent. They are divided into 
five distinct gi'oups by four fjords or inlets into which debouch 
immense glaciers and to which were given tlie names of the officers 
of this expedition. The four inlets, then, are, from north to souths 
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Skelton^ Mwlock, Biime, fuid Shackkton. In Uiis a555?cniblage of 
fiioutjtiiins, seen for a distance of 700 kilometers, Captain Seolt anti 
his companions had for a lon^ time as a familiar landmark Mount 
Albert Jlarkham {3^00 meters), which they had at Grsl named 
^‘lable Mountain^” and its southern satellite of geometric aspect, 
Pyramid Mount* Elsewhere, toward latitude 74® 30' south, Mount 
Xansen, with its pkhilj liorizontal crest and abrupt escarpments, 
recalled strikingly to mind the Table Mountain of Cape of Good Hope* 
Finally, in the e.^cursion that he made to the cast and which carried 
him 450 kilcHtieters into Victoria Laud* Mr* Ferrar, in company with 
Captain Scott, reported that tho geographic features wo have de¬ 
scribed continue ns fnr as land remained visible. In proportion as one 
adviinces into the interior, the inland ice submerges the mountains. 

"'The ancient rocks af the sublMsement are first to disappear, then the 
lower nnd iipjier bed of sandstone. The last the Depot Nun- 
utHk/^ presenting only a huge mass of columnar doleritc of an pctnsil 
IiL'igiit of 2|3ao meters, but projecting only laO meters above the snow 
fields. This is situated alwut 05 kilometei^ fn:»m the coast and in com- 
plote tsolation, niiicc sepaiiitcd some 13 kiicaueters from the dolerite 
crowned table-land to the cast. 

It appears that I he eastern escarpment of the mountains thm con¬ 
stituted coti^ponds to a profound north and south line of fracture^ 
The f^carpment thus fonued has evidently undergone a rqebvntioTi 
which ilr. Ferrar l>elieves to have Wn recent, since the beds of 
both dolerito and aandatoue were disserted by erosion before the 
tectonic movciiients occurretl to disarninge the continuity of the 
hit ten n^uil these tectonic movements occurred is attested by the 
fact that tlie sMiulstoni'^, without bjsiug their horissontality, have 
undergone a rceleviitlou cn in those diains that t}order on the 

coast. Thus is explained the fad tlmt the lioynl Society Rangs^ 
atFord,s altitudes of 3,000 to 3,900 meters (Idoiint Hiiggiiis 3,91 B 
meters, Mount Lister 3,900 meters), ami that the outlines of the const, 
so clearly reeievated and cut by the profound breaches of the gla¬ 
cier take on a pyrnaiiilal ai.pH'U Farther into tlie interior* toward 
the inland ice, the altitude is jieculiarly less; Knob Head 2,530 meters. 
Beacon Ileighla meters, Depot Nunalak 2;130 meters. This 

liLKi height is maintained for immense distances over the interior ice 
slieet. There is, thcut no reiison for surprise that the lands which 
have a ccjnstant tendency toward o diminishtal elevaiion towani the 
interior become finally entirely submerged by the snow fields of the 
inland ice cap* 

The probability of a line of fracturit h confirmed by the align^ 
men I of the isolatoil volcanic cones which are u rranged nlong the 
low- bills iniruediatdy bordering the coaat^ in constant panillelism 
with the mountain walk These cone^ are individuallv distinct. 
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Thftl of Cape Jones 30'' klitude sootb^ 170® 30' longitude i^sst 
from Greenwioli) tnuy lie taken as tlie type. Of the geueml 

dnsa flft Cape MacCortnick (72® latitude eonlh); Blount Brewster. 
UOO metera; ifoutit Melbourne, S!^40 meters; Blount Eva ns and, 
finally^ I he twin cones of Mount ^forjimg. 1J60 meters; and of Silount 
Discovery^ 2i,T70 meters adjoining iJie Royal Society Range, It is to 
be noted Ihitt tUere are no cones between Cape Washington and Cape 
Beniacchi^ over u dktaiice of 3 degrees of latiliidoi and that this gap 
accords with the disappearance of the Kone of gtielssic !iiU csoiiiStitut- 
ing the fiireland of the uiotinlabis. The mighty eliaiu of the- Admi* 
ralty to the oortli of Mount Meltxmrne is, in its turn, preceded by 
a eoast uniformly constituted of basalts and tulfs, of whidi Uie prin¬ 
cipal ty[>e known is the promontory of Cajie Adair^ now rekbrated 
lw»cfluse there was witnessed the first landing upon the Antarctic Con- 
Unent, This abrupt basaltic coast appears to extend without inter- 
rnptiojij with altitudes of fn>m 3€M} to WO meters* l>etvveen Cape Adair 
and Cape Jones. 

Beside these cones and couIiL^ of basalt, Ross h besprinkled 
by a series tyf archipelagoes and volcanic islaiidst sometimes notably 
distant from the shore, as is the case with Franklin Isle (Tt5* lati¬ 
tude SsOUth) and Ross Island* Thesse ^ici::eed each other from north 
to souths Coiilman Isk* the Possession TsleSj Franklin Isles, and 
Beaufort and^ finally* Ecru’s Arclilpehigo- The group has been 
studied close at iiand by the the winter qiiariers of which 

were situated at the south point of Ross Islands 

It Lb in Ross Island that rear tlieniselveip the two famous canes 
Erebus meters) and Terror (3/276 meters) , (li^overed in 1642 

by Koss. Mount Erebus was then iri eruption and was emitting 
flumes and smoke in abundance* During the two years’ sojourn of 
tlie expciUtiuu of the Dijnc&ceri/^ the cone was covered w ith a per¬ 
fectly white blaulcel of suoav from base to »iiiumit and but Httk 
smoke was seeti iflsuiug from U* The observers of the 
have reported that two other cones contribute tc^ tlic form of Ross 
Island to which they give u triangular outline. Mount Term Xova 
and Mount Bird* llic island, situated between 77* and 77® 49' 
south latitude, JS about 80 kilometers on each side; tile diameter of 
each of I lie grand volcanoes is about 35 kilometers. The soundings 
made in the waters that bathe the island have revealed the curious 
fjict that the depdi is greater near the shore tlian toward the open 
sea. It is impo^ible to determina whether this increase of depth, 
witli marke<l decrease ou the side of the open sea. resulbi from the 
additional weight impose^l upon the crust by the colossal acciitnula- 
tions of material or from :i depredion due to the vacuums which 
are produced in the depUu The coo lours of itouiii ErebuH, the 
appearance of ivhich on the whole k very massive^ indicate thiw 
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ituijccs=iive pliu^ of i.Tii]jlioti in tbo historj of its fortnHitjoti^ The 
first Whs itiiicK moi^e violeot. than tlie otliers; it gfiTc birth to n cone 
about IS kilotn^eters in diameter. Tlve wu]Js of this crater are stil! 
standing and form about file present cone a circular a sort of 
“^Somma,^ about hSOD meters high. To the second stage of activity 
belongs the rim of ii higher crater (S,S50 tneteti;), dertain coulees^ 
bared of anow^ epu still be distinguished. Finally^ the present small 
crater was built in a sqrmmetric position in the interior of the pre* 
ceding one. It is from this rmter that the vapors now issue. Many 
other jct«5 of \Tipor, not visible from the ship, may liiivo l>een ofeerved 
by Doctor Wilsoiii The general appearanre of the volcano recnllB 
very ck>sely that of Etna ; the dome shape is nuich mi>re perceptible 
than in the lietler known acti^’e volcanos. 

il. GIjACJATrOX. 

The glaciation of Tietoria I^and much !es.s intense ami lessi 
exclusive than is generally supposed- Tliist however^ k far from 
liieuning that it k mediocre. This glaciation ahoiikl be studied bv 
and for itselft and in rompavis^^n >vith all that Ja known in the boreal 
worlds with the p<M^ible exception of certain far distant portions 
of the Arctic i*egion^ as (he exti'etiie nortli of GreenlariclT c?otistitiiteg 
a new and ongina] type^ The very numerous and bcaiiliful photo- 
grapiis, and above all the panoramic views published in the account 
of the expedition, present a| a glance the lull extent of these 
phenoinena. 

The type is diaracteriTicJ hy featnm unknown elsewhere. The 
l^edmont glaciers (which we would call ^^imply “ fringing glaciers^ 
or ‘"de riviige'^) and floating barriers, which ilr. Fermr dassea 
wrongly, os we Ijclieve, wLtli the riedmonl type. It is ulso char- 
acterkeil by the unusual and itiexpliealde luoiiiier in which the $mow 
is transformed into ice. One call not see directly this transfonriO' 
tioii. Tiie actual climatic conditions arc such that thawing, either 
partial or local, is exceptionah and all the surfaces were formed 
either of white granular snow or of compact ice. Even at the heiul 
of Ferrar filacier the transformatign of the snow into ico is abi=o- 
hitely abrupt, and along the foot of the ^and ctiscades the ice 
p^^nts the banded surfaces so characteristic of snow. In the 
slightly elongated depnssioui^ (here are local acciimulationss of snow 
but the line separating the granular snow from the glacier ice is 
always tihrupt. If one ran not perceive tlie manner of the trails- 
formation, nevcrthelesss one is obitgixl to rccognisce the fact that it 
is accoRiplishe<I with extraonlitiary facility. Very little snow 
i^uffices to give birth to a glacier, and one k struck with the dispro¬ 
portionate sbo gf Lhu glacial lubes as compured with the extent of 
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their gathering gronnd. Xuiuerotis glaciers are formed with in- 
fiignificiint resen’oirM of sajow. Nay, more; such a glacier, cut off 
from fwcJing groimii by the gr^dmil cessation of the glacial 
phenomena, coniiniifcs, neverthele^.si, to give rise to the ice slabs, which 
represent, nothing more than IoIjcs no longer supplied with 
and without doubt deprived of motion. This ol>servation will suffice 
to show the difficult of comparLs^tis with familiar glacial forms, 
Htich as thcM of the Alps or Sor^ray. An appeurance purely super- 
ficiul iind fallacious has led Mr. Ferrar to group certain glaciers of 
the Catlicdi'iil rocks and the Kukri Hills, which birder the Ferrar 
(iliixier^ among the Alpine glaciers. Certainly their regime, llieir 
physjxdcig}^, if uiiiy so call it, is not Aljjine, Kmally, one gen¬ 
eral trail seems to us to clmracteri/A! the glacier, proj>erly called, 
of Victoria I^ndi It is the surprising contradirtion which exists 
between the very marked external ap|K*aran<M^ of gbciittinn and., 
on the other hand; the slowuii^ of its evolution, which seeniEi to-tlay 
to reach the point of almost com[>lete stagnation. To be sure, the 
observers of the Dutorety have not made many measurements btr- 
enuse of the great lUstntiee of their winter quarters from them. 
Xeverlheless, Mr. Ferrar gives some interesting estimates. The 
i^ntli ann, the moridiotial feeder of the Glacier Ferrar. beyond ques¬ 
tion does not advam^ min I he east fork at a rttle gn^ater tlian fi Eng¬ 
lish feet u month. I’he Blue Glacier^ one of tJie independent glaciers 
which rover the gneissit fuMhilLs, ail Vances 3t a r-.ite of less than 4 
English feet a year. The fact that the crevasset^ of the Ferrar 
Glacier remain aJways covered with snow is explained by these in- 
sigTii(i<ainl as h als#j tlie fart that neither the Ferrar or Blue 

glaciers cause any marked disturbancc in the fringe of coast ice. 

Really, I hen, one would have ground for saying that the gkacr^ 
of Tietoriu Land are inactive^ ihut ihey have no motion. ’iVhat 
is 11 nite of 0 oentimeteis, or one-fourth of a centimeter a day, com¬ 
pared with the figures to which the limest of the Alpine glaciers 
have aecUKtoiiied ns? Ir is difiieiilt. loo. after the fuels to which 
the glaciers of our own iiitiutitnin>^ or of the Ijoreal world have ac¬ 
customed us, to imagine n glacial covering of sneh magnitude as 
showrn by the photographs nf the Ferrar Glacier, or above all those 
of the Koval Society Range. Fnan bas<^ to summit, exciqjl for rocky 
surfaces of little extent, the mcuintains of this range are buried 
nrath snnw and ice; only the surfaces turned low'prd the east and 
the Koiiih siN'm notably fm? (pailiciilarly tlie slnfie smith of the 
Kukri Hills), Ther?* is therefore every external ap[>earance of 
tensity of glaciation, ami at the aame time stagnation, almost com¬ 
plete rigidity of this frozen cuirasse. Tlmt iit some point these 
mosses of ice nre in a state of tension the following observation 
proves: In Uie midst of the amphitheater of the Ferrar Giadcr 
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jitfltvorks of tiny engrosses lire formed, witli loud explostoiis, tioou 
as the montdains coiit their shadow on the ice. The detonations 
sometimes Inst for an hour urid a half* and creviiiises of fiO meters 
lengtli, traversing the surface of uius^e!^ of Ice 30 centimetei-s thicks 
have been seen produced by the blo^v of mi iron rod* I'he glaciers of 
Victoria Ijind are thus in a state of et^uilibrjuru,, or ratiier or inertiut 
tjLiJle without counterj.>iirt and wliully utiespecterl for lEititudi:^^ 
But thoiigli t}ijs glnciatioi] may apijear to W highly dcvelqpedj yet 
it is neverttielesEr in a marked state of rece^ioiL Tlie ^VjUurtic no 
more ciscapcs the law of gkciarj' decrease, the proofs of wliich have 
l>een accEimulated in the last yeai^ over the entire glot^e^ than do the 
1iititiicle$ of Grahams Land, as rcjxirted by the expeditious of the 
fftlf/k'ii iiiid by Xordenskjold. The north fork of t!ie Ferrar Glacier 
no longi^r reaches MncMurdo SoijihI; ihc glacier has rt^treated 
far toward the inlerior of the land, leaving in its plaa^ a valley 
Imh] about 15 kilometers long, encii[ul>ered with ttioraiiiie niaterials^ 
and in which occur, not far from the actual extremity, tliree con¬ 
stantly fro^wn glacial lakes. More striking yet sceins the retreat 
in the 5}-stcm of glaciers formerly tlej>endetiL fr<aii Snow Yallej. 
Thi54 valley exxupies tlie depression which separated Ihe Royal 
Society Range from the gneissie foothills it served as the galhcring 
grounds for a series of glaciers, the sole remnant of which ia now the 
Blue Glacier* All the other emissaries of Snow Valley arc lo-day 
cut off by croe^ melting from their reservoirs of supply* Thev exist, 
nevertheless, in Llie state of ice slabs. Thus^ one counts a smii- 
meLri{ail .Hucccssion of teven ice slabs in the ravines which descend 
precipitously fiom tlie gneissie foothills toward the .MshAIuihIo 
S ound. 

Without seeking tlie cause of such retreat^ which to be gen- 

craL and which is also obsened, as will lie noted luter, in the Rosa 
Barrier, certain neascins prt^jicnt themselves at the outset lo one who 
seeks the exp la not ion of the indolent glacial liigime which we have 
just described. First of all is the natural dryness of liie climalo of 
Victoria I^ind* This climatic tniit is ckurly brought out by certain 
geological observations; the insignilicancc of the rok of %vflter in 
etTccting ercHilon and the petsiatence in place of tlicir formation of 
certain salts, as sulphate of soda and carlKinaio of lime, due to the 
chumical decomiwsition of the A white powder sometimes 

covers the surface of the rocks, and tbere is found on the tlonting ice 
heaps 2 feet in height nnd from 4 to 5 feet in diameter, composed en¬ 
tirely of glauber sail, due to the progressive frcca^ing out of tlie salt as 
the w ater congeals. To this dryness of climate, which k attested also 
by the small quantity of annual snowfall, k added she action of the 
windj which does not content Itself with the slow work of polkhing* 
drilling, and chkding the rocki^ os in ordinary detert phenomena; 
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it doPA with ihp snow what the desert wind does with the sand and the 
loess; it redures it to an impalpalde powder which it drives about nn- 
oeasingly , darkening the atmosphere nnd formitig dunes of it^ which St 
then destroys mid drives b<»dily into the sen- Tliua it happened that 
a flleflKo paity was held tip six days nud a ludf on the edge of the 
inland ice by a tempest bowling at the mte of SO kilometers an bout" 
liiid so char^ with snow dust tluU objeclH lO meters away could not 
Ih^ distinguished. One will appreciate much better the extent to 
which such h sdorm ciin retard the rate of growth of the Victorian 
ghiciers when it is known that a day without a driving snow n an 
except ioiu 

Jin Ferrivr, as well ns Mr* J. Gunnar Andersson of the Xordcii' 
skjold expc^lititui, attributes in the wund a good =Jinre in the diminu- 
rian of the smtarclie glacial inn. We believe^ nevertbelcsst ^here 
must be a mucli more general cause. Nothing indicates, indeed, that 
this action of violent winds csurying to the sea a notable ]iart of the 
fallen mo-w is tint a very ancient und fundamental phenomenon of the 
aiitarctic dim ate* It iios by no menus prevented glacial phenomena 
fn)m attainjjig proportions which have elsewhere no counterpart, 
^rhis local peculiEirity wnuld also not account for the singular con¬ 
cordance of the retreat of the niilarctic glaciers with the diminution 
nf glaciers all over the cuHIl 

llie observations that we have just summed up are applicable on 
the whole to rhe only group of gluciers winch have been thoroughly 
studied on the antarctic continent—that nf the gn^at Glncjer Ferrar 
and iu satellitP or its atiulugoufi K^a’^ttlilx, Snow VuHcyj and Blue 
fTtttcier, It is the priiicipaJ merit of Mr. Ferrar to havo studied 
crnrcfulljv fruin the glaciulist’s point of view* a portion of the long 
niiigc of coast which is presented by Victoria Lund for n distance 
of 1^300 kilometeriiu 

It seems that iho Ferrar glacier Is a ty|H? fre^incntly rcprEKluced. 
The nbrupt wull of Victoria I^uid is dissected by a large numlier of 
inlets, of valleys IhiIIi broad and deep^ into which nin at a singularly 
low level glaciers uniformly emisL=:aric!s of the inland ice* Accordiug 
to ifr, Sc^itt very few of thcirc emissaries could possibly l>e active. He 
divides llieiii into txvo da^js^ living emissaries and dead ghicicn=u 
For a distance of II degrees of latitude from Cape Adnre to Mount 
lA)ngstaff, ^fr* Scott recognizes only four active glaciers serving 
as (I channel of dlscharpo for the inland ice. The first probably 
empties into Ijidy Xewni^ Bay; the second issues at about T5® lati¬ 
tude south: finally^ the last, two ol>sorved during ihe trip toward 
the soul it probably tilled the two large viillej^ of the Barne and 
Sliiiekelttm inlets. The Ferrar glacier, on the other Itaud, seemed 
to him a type, gigantic, of the dying glaeiery. Iii^ aucient liiiiits 
have been recognized up to a height of WO to 1::^00 metei^^. It is 
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nfitiiljle in this connection that Mr. Scott declares the inland ice 
which is maintained over vast reaches at on altitude of 2^300 meter^ 
has likewbc diminisheit from 120 to 150 meters. It ia. then, per- 
inisiiihk to make the foDowing hypoLliesJg: Tlio inland ice of Vic¬ 
toria Landt ■''^hich still offers to-day $itch grandinse proportions, 
can not es-ciipc on the side of the chain of mountBins which raises 
its formidAble wall op on its eastern oi^ast. This acts as a dam 
which it has Ijeeti able to override easily only at a period of very 
intense glaciation, when the fields of imow attained a much higher 
level- Its natural flow probably follows another dirctdioii, and it 
is doubtle^ on the side of Wilkes L^md on die Clari© and Adelia 
coast that one ninst i^eek for the principal discharge of the inland 
ire of Victoria Land- 

As has elsewhere Ijeen mentioned,, the CInrie i>oflBt, that barrier of 
ctmlinuons ice over a distance of 20 league^H with a height of from 
33 to itJ meters, a,s depirttxl by Dumont d^Urvilk, seems the exact 
equivalent of Ross's great hurricr, Kverything leads to the belief 
that Ijetwoeii this Clarie roast and Cape Xorth, which is ut present the 
recognized terminal of tho Admiralty (?) Range to the northwecit, 
other harriers of the snnie kind, the probshle end of the Victorinn 
inluiiil iecj will s^me day be revealed. 

These idi'iia have been suggested hy the following observation: The 
counter proof of tlie gmit glacial activity in the untaruiic i-egions as 
in Greenland, is tlic i<?^d>ergs- Now, Mr, Fcrnir e.xpressiy states that 
very few of tltese conic from the mptnres in the cliffs of Victoria 
I-j4nd so far yet known. In the spaev of sixteen mtmtlis tlie Blue 
glacier has not fiirniishcjtl h single one, and the coniribntions of the 
Fcrmr glaciers is w ithont doubt negligible. Feeble abo is the anp- 
ply of the local glaciers which fringe the hanks or encircle the islantls, 
and to which x\Jr, ]^>rrnr, using a term invented by Mr, 1. C. Rns^elh 
ai>plies the name Piednmnt tilaeicri of the Contiiienir or stranded 
glaciers, Tliei'i* scarcely can result from them anything except 
seocindiiry or irrcgnlar icebergs. In foet* the great majoritv of the 
anlurctie ic'eljergs cxinie fmiii what Mr, Ferrar culls the “ piedmonts 
Lifioet (floating glaciers); iirid which w^eidiull call by their old natno 
of ” glacier lairricrs*’^ \\ c can not, indeed, sul>srribe to the designa¬ 
tion prn|MK4tHJ and cniployetl by the English giHiJogist for the ftirina- 
tion of tlie exlniordiiiary gkckrs- It to ns that it is out of a 

\mr^ decile for symmetry and cbisHificatiDn that he feelK hmaailf 
obliged to class the Ross Barrier among the Pictlnmnl glaciers. 
Moreover, we still know very little i>f the famous barrier/though 
the explorers of the Dkcoperrf have trod its fields of snow, and 
Captain Scott recognize li towanl the south for more ihan 4 
degrees of latitude. We are entirely ignonitit of its origin, and 
w'O do not even know^ whether it constitutes a true pieihnont, that 
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is, whether it comes down from u buck coimtry of moimtain.^ 
TIio difference is too grmt beiw€?en tbes^c boioense sheets of ice, 
prolonged for hiiiulredii of kilometers «nd the tbiti fringes of iro 
at the most from 3 to H kilometcts hrcMnl which ctjiL^Litute ordi¬ 
nary piedmont glaciers* This difference lies not only in the dinicn* 
siona, buf in the mode of conduct The rapid movement of gkiciat 
massed, which wo have vainily looked for in the continental ghiciersi^ 
ia indeed realized in the Rojs Barrier, iho measun'ments of Lieu- 
tenant. Barne, taken at the upprfMicli nf Minna Bluff Jin vingfumished 
a hguro of mJvanceinent omouiitiug to *^08 ynnh (555 meU'rs) in thir¬ 
teen and oitodialf mouths, or about LS5 meters as a menu jier day. 
This is, however, n very slow rale cotiipared wilh that of the great 
gluclerH of Green Ill Tub the tlie JakolHihai'ti, the intixinium 

progress of which is not less than 13 to ~20 metei^ pi't day. But one 
could hardly expect a movement of such rapidity from a sheet of ice 
which prcisents to the sea a front of more tlmti 800 kilometers, and 
which appHcars due to the continence and the union of several largo 
giaciera in a wide ami shallow Imy^ Supposing thf: movement of 
the oHgUial glaciers to be very rapids it must be conlinucd at a 
notably slower rate in this enommus. outspread she^t which is piu^hed 
outward after the manner of a delta. Admitting^ wJth Mr. Ferrar, 
that the Ross Barrier does originate through the union of several 
fjortls of icet One will iit once see the entire difference between a 
glacier of this typo and the onlinaiy piedmont.'" 

Ross Barrier has lanm stud id 1 with care by I he A rig¬ 

orous following otit of its edge was underlEiken, a matter made easy 
by steaiii navigation, and which Ross found impossible of ai^siiijdish- 
nient, the im[perfection of noTigation by sail alone compelling lum to 
estimate many of the heJght.s from a distance. The Barrier is, In 
fact, neither as high nor as regular ifi outline as descrilwtl by Ro«s. 
Captahi Scott describ<^it asi>l meters in height at the beginning and 
for soma {lisiance. On tJonuary S3, 1 Wi, a height of meters was 
registered, Hiiccessive measnreiuents giving on the t?4th, 1% 24, and 
iinally 15 meters,* one un the 25th, meters* and later 24 meters, when 
it fell abruptly to 4.50 meters. On Jaminn" 28 measui'erncnts of IT 
to 45 meters were ret^irdsal, and on the 29th ns low m 1*20 to L50 
meters. It is, therefore, not u uniform wall of ice* and the height of 
45 meters attributed to it is simply a mean. The grent differences in 
altitude are productive of equally striking difference in ap|iearane^ei. 
At limes this changv indieatis:] that one portion has Iseeii longer ex^ 
posed to atmospheric agencies than aouttier. ^Much of the tiiue, how- 
eveFj the changes are so gradual as tq pscajje notice when viewed frcaii 
a distunce, the higher portion seeming simply nearer. In Balloon 
Bay the height was but 3 meters, but on the utber baud w'here it 
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abut^ Hgaini4 the northeast flank of Edirard VJI Land the higher 
parts rea«li the extraordinary altitude of &4 meters^ 

The most Burpri^iug feature in the reports bmnght by the Di^- 
rowtr^r concerning Rosa Barrier relate to its floating characten Sir 
John Murray lias (confessed that while difficult to believe^ and while 
he could not make Up hia mind that all was floating^ he eoiild but 
admit that the border over an extent of 30 to 40 miles was actually 
in this condition^ The facts brought otit by Captain Scolt seem 
neverthelpf^a conclusive- At first sight, there can scarcely he n doubt 
that its terminal edge from Mount Terror to Balloon Bay (longi¬ 
tude 103° from Greenwich), where the I?iscoi7e7y |>enetrftted it, 
and which -SceiiLS to mark the lower limits of Edward VH r.;nnd, 
mean depths gf WQ to 550 meters were reached by soundings at 
tho foot of the Barrier- The ice cUfF ]ms a height of scarcely 45 
metera above the surface of the water. It is composed of porous ice 
which can scarcely be submerged for more than six-seventlis of its 
mn^ probably ^50 meters or more. It follows, therefore, tiiat it is 
separated from the sea iK^ttoin by 100 to 300 meters of w^atcr- An¬ 
other decisive argument is llmt ihe Ice cliff partakes gently of the 
movements of tho sea. During their stay in the eastern channel, 
t{j which reference has been made, it was ascertained that the ice 
rose and fell with the vess^h At the east «f Mount Termr and 
Wliite Islnrul tliere is dcvi4ope<l a fomiiiiaVfle sione of ereva-^^ses, 
which attaiiLs its maximum at Cape Crozior, where the Harrier is 
crushed agninst Ro?w Island aiul forma five gigantic pressure ridges 
oriented north and south and cuntitiuing fnr a distiince of over 50 
kilometers at the least. Gne recognizes in this chaos a line of frac¬ 
ture of the Barrier in eoniicctinu with tlie tides (tide cracb^), atid 
resulting from a differential movement of the glacial wuIIpu Along 
Victoria Land to the extreiue ijOutU the immeuJsc glaciers of Shackle- 
t(>rj and Bame inleta tend by their movement to pu-di the barrierH 
away from the land- There results from this a rt^giou of chaos| 
the surface of tlie sheet uiiduhites in long ridges, is rifted with 
crcvRfscs and wdtb veritable chasmfi.s enciimleered with a oonfuaion 
of glacial debris aiid of new material fallen from the littoral heights 
w'liifh extend tietweeu the barriers and the land. But ut 10 miles 
from the coaift all of tlie iiieqniLljties tlisappcnr and the monotondns 
surface of the great snow plain without ridge or crevaage extends 
until lost to view* Captain Scott thinks that no ma^ of ice repos¬ 
ing on the firm bud could be deprived of irregidarities to this 
extent.^ 

^TWa ]a!tt argumentp aer^frtbolcRt, to uu act Irrefotobtc, Tlie 

[iltirt liluclcr f St. EJIhb chaliij esctciiils to tlie foot of tbe nKiantalns npoa a tow 
alluvial bcaeli. ThI*, too, cnnatllalea a eiouotonous plain of mnw of coeBlder- 
able sixe (35 to 4d kUometers) wLtboul cnyvaESL-a, of whlcJi die lino of tJio 
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Ill the sjime wnj j^nejit networks of creviisscs nre developed over 
l.*t to 30 kilometers in tlio offing of Minim BiutT and White tshuid. 
There, repiiinritv and parotlelisni are ii<i striking I hat one van not 
Ijelievo ill (lie exibtonce of a terrestrial biise, which would certainly 
luring iiliijut irre|^laritie,‘t of tension in the nmss. Finally, and this 
is iimri' imponiinl. the long voyage of Captain Scott was efri“cted 
oil 11 horizoiitnl plane; the correctetl reading of the aneroids leaves 
no iloiihl on this subject. The only indication of n rise in level ap- 
{leiired at the end of the journey: lint they were then ijiiite near bind, 
at the entrance of thu Shackleton Inlet, and this rlso miplit U' fore¬ 
seen. It is I'einarknble thot no trace of foreign matter could i>e 
Ktvn inclosed in (he ice along the fron(. of the barrier and no rock 
debris (111 the surface except in very close proximity with l]ii' land; 
yet this debris may be ran* because of the chasms or gulfs referred 
to, whicii prevent the blocks from remaining on the surface of the 
sheet, f>nly where the ice rest.s directly on the shoii‘, ns iit Minna 
Bit) if or toward the Black Island, artj there developed enormous 
inuraines nttnining a height of IS metei^ and the elongated fnisceaii 
of which ends in tite hotHirn of the McMnrdo Sound. TItese 
inoniiiu'ii, covering a surface of Hopting ice, have one singultir fea¬ 
ture; they tire comisosed of a scries of cones of ilcbria wdiicli are coti- 
nccted with one another, following the direct ton of (lie glmujirv 
inovenieiil. In llip»* momiiies are found hlorb-s of more than u 
meter in dianicter, but erosion reilucess these quickly into mnsties of 
coarse sand which the wind smiters and which, becitiioe of their 
dark color favoring the fuaion of the ice, gives rise to little streams 
whieli are indiixvlly the cause of the cutting np of the glacial front uf 
Milc.Mlirdo .^oiind into nn intricate notched zone, dilliotilt for the 
sledges to traverse. 

The great tnhiihir antarctic iceixirgs can only come, Mr. Fermr 

cxprcsly ^ates. fi-oni formations analogous to Rotn Barrier _ tlmt ie, 

from (lonting harrierw. Tliiil is to say, that this days of glaciers is 
universally distributed ihroutdiout the .-Viitarclii; ^lone, since the 
tabular icebergs are met with in great luiitiber^ in all oceanic regions 
oroutid the southern ico cup. And, in fact, one can compare ivlth it 
ihc west ict‘, that ton gun of floating keohservei] by thcscienlistsof the 
fJfliwe to the west of their winter f|uarters, and also the lermce of 
partly submerged ice pointed out by Otto Xordcnskjbld as Iwlonging 
to King Oscar fjrnd and prolonging tho continent toward (he east. It 
is jifoliable that idmilar glacial formations, submerged in relativelv 
shallow seas and of small extent, have accompanied the gliitial 
epoeha in Europe—the Irish 8ea . the Xorth Sea, the Baltic; perhaps 

liorlKin la rlKonuiHlj' horlznaml. One «iii refer In tliTa coanMtlrti. tn the yreat 
Itfinoraiale vIew of Victoria i?el!a, [lubllsliotl in F. rillljipl, " Ui Siwdliltme 
111 il rrtiicllic." LulijS AmetUo ill Savola al .Monte Saul’EIld, lisfl", Mllaini 
Hoeii'l, toco. 

■1.1T45* -Bit IDOO - 23 
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a gn^eat part of tlie Xorw^j^ian font intent a 1 pLateai]. airily llif? 
whole of Burents Sea tiinst have Ix^en covered with glacial sheets of 
Hm type- Altlioiigh these are hypothes^js, the observations of the 
Dheoverj^ authorize the conclusiona; it is this which a^iu™ them a 
high general bearing. 

Like tlie other glaciers of this pari of the antairtic worlds the 
Rush barrier i« iii \i retitigrade condiLiofi. It has receded nn avcragi' 
of 24 kilontetei's from the position.^ wliich were liAcd by pTaines 
(lilt the mlreat is in places equal to 3.1 and even to 50 kilometers. 
If Gihe .sums tip the annual advance^ of tlie glacial masses during 
sixty years, an estimate is reached of the enormous surface ..of ice¬ 
bergs which must have been detached from the barrier during this 
lapse of time. Captain Scott thinks that the barrier mub-t Inive oc¬ 
cupied positions much more northerly, that the retreat Ini^^ been very, 
rapid, and it is hy tJiLs ancient exteiir^iou thal can explaliiLHl the 
tuany remtisribi of glacial sheets still iidliering li> certain points of 
V'ictoria Land. Thus Lady Xewnes Bay is filUnl with one of tliej^e 
remnants which the existing iicmditions of gladntion do not e.xplain. 
The will face of it forms long iindii lot Ions and its mass is pndaibly 
floating, tJf the i=aine class are [KThaiTS the burrieis Drygalskt 
(75"^ 3fr smith latitude) nnd Kurdenskjold (7fl°‘ 30^ south latitude)^ 
of which it is not known %vhetlivr tliey ui'c glacisl lobes or tlic frag¬ 
ments iit aurieiit harrlei^.^ 

The ancient haiTier then probably ailvaiiced to the height of Cajje 
Allarc. Captniii Sl'oII thinks that at first it fesied on the hiptfiiui 
of Ross and uiikHl In leveling it. Then, the qiiaiitity of ice 
diminishing, it probably Iweanie floating and t'omrnenced to break 
up and retreat mpidly. It is not. then. lx*yond otir (xuicern to know 
the cnjufKiHition of the iKittonis of the Ross Sean It lias lieen de- 
lerminefl that on the site of the former frtpnt observed by Ross tlie 
hot ton I is formed of a yellow, tenacious, and wiiKinteut clay contain¬ 
ing tesb! of foraiiiinifera, frustules of diatoms, and spinules of 
Sponges. There is likewise clay 10 ilegrees further north near the 
Balleny Isles. Tlie ls>ttojn of ihc Ross Sea is composed of mud 
atiUing from tiie pulverization of rocks by tlie great glaciers of the 
south Victoria Land. 

Face to face wutli the grand development, in the main* of tJie gla¬ 
cial phenomena of terr<‘siritil origin one is surprised at the sliglit 
power and duration of the marine ice. This ti'uit fixes the physi¬ 
ognomy of Victoria l/aiicL The fields of ice may micb great hori¬ 
zontal dimensions, but their thickness in Ross Sea never exceeds 
fl English feet {L30 meters)* The liiirnmocJcs never exceed 3 feet in 
MacMurdo Si>und. nml Mr. Ferrar asserts that the direct tncreast* of 
the ire can scarcely exceed 0 feet, since it breaks up, he thinks, each 
fumtuer. The caiuse of this mediocrity of the sea ice h thought 
to have l.-ecii doubtless the temperature of the water of Rosi: Sea, 
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high enough to melt th^ ice fields from the und^r surface j finally the 
prPKsiiire Asivich tlio frin^Fiiigr glaciers of the coast never cea^d to 
exert upon the ice fields. The sea ice is thiu? broken by a s^low^ al¬ 
most imiwrceptible inovement which tends to push it out to sea and 
which Sir. Ferrar calls creep/' It thus finds itself in proper coiidi- 
tion to undergo destruction by the swell of the sea during the summer 
tnonthK 

Tn gpuerah the friiigo of Lee which encircles the coast is of hind 
origin and conws from the acynniillation of shoav. There are, never- 
thelei^Y osaiiiplcii of ict'. biiddiea of purely marine origin, veritahlo 
ice feett” in the class of Llio great iirelic Ice feet/’ but mucli 
more rcstrictei:! bi size, rarely attaining a thickness of more than fi 
feet. Mr. Ferrar cites an example of thiri in Oraiutc Ilarlwr. 
Tliis kind uf n fringe toward the land in a conservative ri>k, 
retarding erosion by impeding the direct action of hesAy surf and in 
cementing the loose debris and tm ns forming it into a talus pmlectiTig 
the cliffs. 

ril. ^[ET^vf>HOLOGY. 

Tlie data brought hack by the IX^cOearff rektivi? to the climate of 
Victoria Laml arc of eqiml iiiteiwt wilii llie geohigiral ur glacial nli- 
KcrA’utioiiSi The Avinler station, .so fai'orable to lt>itg excurtilohii* eom- 
riteiided ilst^if first by ils advatinal polar situation (17^ 50^ 
south latitude and I(>>® 41' 45" longitude east from (Ireenwirh). 
The selection was, morGOA'er, very' fortiiiiati: because in the mid??! of 
the large MilcMiiitIo HEuind^ surrounded by ii circle of low hills^ 
largidy haixv the {>b^>rvalions would convey a better idea of the true 
nil mate of llie region Ltnd would not be vitiated by foehn phenotiiena 
or by the excessive prot Ctrl Ion of the higii hilb. Moreover^ it was poS' 
Slide to obs£-rve with gn’ai precision the dinartion of the currents of 
the upper air by the liehavior of the column of smoke from ]^Iouiit 
Erebus. 

Below^ nn' giAen soine of the mean monthly tcjiiperatores, deducted 
from the bihonil olif?erA'iition.H covering n perind of tAvo yea re (Feb- 
nnirv. 1110!^-Fe lira ary* IfitM): 


r^rarvM 

January ..___ . __ — 4,4 

r’phranry ___ . ., ____ — %i\ 

sfcirrii ____ ___ —ms 

Aliirll . . --- ,__— 2-|,ri 

iliiy - -- --- — 2 ri.l< 

J«iw . .-....— att.i 

.Inly -.____ —at,o 

- . ___ . —21,0 

8ef»tefnh<?r^_^^^^ _______ _ —tW.a 

Oi4ober . _^ ^____ —22i 0 

Nuvt^iiiitT , _ _______— ncs 

!>i?tH*uibvr _________ — 4*1 


AasuaS _ ___ __ ____ —1M.5 
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AJl th^ mituELum extrciues i>ocun*ied during the winter of l&OS, 
twinging Wtween —47® and —50®. The lowesl figure ol^serveil 
Septetnlser 11^09^ at 2 a. m.;, —50,2® C- On the other hanclj the 
greateti( extreme of sitimioer never exceeded -|-3.8® lo 5,5'^ C- ( itj t)iv 
ceJid>er); but this transitory luuxiimuii would give a false impression 
of the ti-m[)enLlinT of this lieantifidseason* In reiilUy during 
the two yeiir^i of w'lnter quarters Llien? W'er** Jiotcnl only five days of 
]i mean higlier tluin C. iokI this did not exceed L5 ' Cl The highest 
tnijcithly mean etfectively observed was that of l>rc?eriilwr, un^l 

this did not rise liiglier Ihmt Finally^ if oik^ siitiis up tiie 

snninier months of lbD2—anti there is reached for the six 

months the Inrredible lignre of —6.3®* 

On accotiriL rsf Hiis ttnv temperature there is no precipitation in 
the foiTJ of rain^ hiit always of sno>v* This fj\ct strongly iiiipre^iFe^l 
^fr* W, H. Dines ns one difficult of explanation^ unless it Is doe to 
the fart of the ext tti ordinary dri'tie^s of the air and the inlenaity- - 
liiirxjH'^^ted in a region completely covered by ice—of ihe rate of 
GVrii>oratic>n* Olhenvisu the lenipernttire during the suinnier would 
rise ill least as far as the fu'cssitig point of w’ater^ as it docti in I he 
arctic regions, where the sunshine is, however, lesa brilliant* But 
I ho bygrometric ol>sorvations show a rolativo hiiinidity along ihi* 
i>f Victoria L4ind com para Ide with the more arid regiooH of the 
glolie. This aridity ia accompanied during December with a very 
intense sunriiine; it is. in fact^ almost ns strong as al Madras in June, 
and ihe exlrcnu^s^ of teinjwratiirc between snnsi't and sunrise on' 
frotii Ifc- tik 66® <1 It is not rai-e* es|X'(ial1y in rHM 7 eml>er* to si?o the 
mil .-rhine in a clear sty for Severn 1 day=t. For a perh>il of tw^elve 
ronscentive rlays the snn has Irfien known to shine witli luit a tfitnlity 
|^f five hom^ of ctoudiness. Consctmtively* all ghicbl surfaces m\]^] 
hy dirt or near dark-colonel r(K;ks melt rapidly in the sun* In the 
^tuheni [lart of Victoria Land there are freipjcntly found iiedb 
of sand iind gmveL the result of years of coiieentraliom eiidK^ddi d 
in the clids, retnnaiit.s of ancient glaciers. These ni ol<1 ice, the 
last witnesses of n much grenter glacinl sheet, ore in summer subject 
lc^ vcf^" intense* ablntioTit Iwuh by evaporation aiol hy rneltiog* Thus 
rin iiiimenise Kcdnr tat lint ion accompanies the very low temperatures 
of stimiuer. u significant fact which thmws some light upon the prob^ 
lem of gliieial epochs in Ihij? boi'eal hemisphere. 

One is sli tick, ou the other hand, hy this uiufonnity of the winter 
meant which for a period of eight mouths was lietwetm —22® Cl and 
-27^ Cl These low ternperaturebrand they are not extremely low— 
are maintained constantly at appimimately the ?iame ligme- One 
would liLive exiH-ctivl effectively colder temperfltu^e^^ between July 
and September, The winter in the Arctic is, from this (joint of 
view, the mo6l severe. The Frum noted unifurmily, during u jicriod 
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of three years, temperatures in the iieighborhcK>d of — 35C. between 
December and April. One can, |}erliapst discover in this less severe 
aTitarctic winter the effect of a more intense atmospheric circulation. 
In iTsilitj th<!^ temperatures aiv exti'emcdy variable in detail. All 
changes in the condition of the atmosphere, changt^ of prcissure or 
(»f wind, the Itaiisitiou from wind to calm, or vice venia^ are in 
Viet oil a Land reflected by the temperature^ 

^riiG jiorioils of gniat cold always cxn^iir during periwls of iiiilnn 
11ie iiioiitli windj for some inexplicable ix^ason. is nidatively warm. In 
liic of this intensie cold of midwinter “one would see always 

uppear as an oasis of heiit.^’ From another standpoint the stntion 
Ilf the was* fsir little known reason, niucU l&s cold than the 

region round about, notably Cape Armitagc, or Ro$s Island and 
Cyi>e Cttisiieiv 

The amount of precipitation wa& from iiccesaitj measured by 
means of stakes, since nil fell os snow; but in case of a storm it waa 
not possible to say whether the snow actuBlly fell from the clouds 
or was merely drifted by the winds. All exact il>serviition was 
therefore hnpassible, 'riiere is neverthelt^ reason for thinking, 
judging from the constant height of the snow alMiut the measuring 
that the actuol anioimt rrf full was slight. 

On the other hand, the observathms made on the rate of evapora¬ 
tion slimv surprising results. During the five winter months the rate 
of evaporation in MacMiirdo Sound was. notwithstLitiiiing the low 
tempenitui*et alniost double the ineau values observed at Cambridge 
Square (Ij^mdon) in a tempenitiire 3fl® higher. 

f)ric ask:^ hovT, in the presence of immen^fl?^ surfaces of ice siml muw 
nndergrung evaporation, so dtr an atmosphere eun exist. Mr. Dines 
thinks thill lioss Barrier forms an nnticyclonal ^one, in whirli ilio 
l>etls of air are siihrnltteti to a continual dest^iidiug cumnl. From 
tills [ioinl of view the atmospheric pressure oliserved* without dearly 
(trovifig an miti<?ycIonal zone, does not disprove the hypothesis^. Tlie 
buronu'tric' pn^i^ure was in fact miidi higher than at Caiio Adart* 
{Tl" south latitude) and at the station of the (QG^ sontli 

latitude 

The decrease in pressure noted ingoing sautli,in the austral regions, 
lioes not pcrsif?t indefinitely. The value?? calculated by Jlr. Ilnnu 

« Here an- tlie iSipirea, redneed to snetrlc luoa^im-ULt^^itK: 
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for rO’ south ore loo low, much more so for 78^* south; and Mr. R. H, 
C'urtjs, who discusses the obwr vs turns, agrees with Mr, Shaw in 
thinking that ut the South Pole or iu Us vicinity there exists witlioiit 
tioubt 41JI ontiryclouaJ arc^a in uo<>orilaiK‘e with a jiole of <?old, 
parable to Uiut of .‘^ibrna, and on the cireumfereiice of which is 
developed a regular cinrijlut ion of mist winds. 

It is indeed priticipnlly from the East that the wind blows into 
^lai'Miirdo Sound, then frtun east-north east and from the ni»rtlieust. 
Ill eorrehitinn with this dotiiinuiit direct ion of the wind the ocean 
currents in front of the Ihirrier tiiti also directed from east to west. 
The winds from tJic north and southeast arc less frequent; those from 
the south are ran\ but the iiutnbla fact Ls the complete absence of 
west winds. The layer of air siilaintiiul to tliLs reginx* is thin and 
acai'cely excetids 2.0CKt meteni in thickness; the higher clouds aiul the 
smoke of Erehiis showed in the higher atmospheric layers (alxmt 
4,0tK) meters) a direction of the wind diametrically opposite, that is, 
fwun west and southwest. On his excutsiou into the inluiul ice of 
Victoria t„and. Captain Scott oh-^rved also that the east winds are at 
tliose heights replu<-ed liy wtsit and southwest winds. It is a question 
wliiit iiecoiues of the niasses of air rapidly Iimtighl in hy the east wltal, 
which scunvly goes lieyond the mountainous tslgr uf Victoria Ijttid, 
nnd tu what is due tin* absolute lack of the iisiuil West winds cm the 
inland-ice. .^rott does luit attempt to explain the ever-warm ehurao 
ter of the scuiih winds. We should lie inclineci to see in it the ellect of 
M phenomenon of foehn sprung from winds which take their origin 
on the plateaus of the inland ice and the direcriicm of which was 
prohaiily originally soinliwest. but which underwent in conssecpience 
of their whirling moveiutuiL a deviation of such tiiiture as to trnnfi- 
fonii them into south-north wind. 

Tlic wimJ lius an extra ordinary temlency to blow in squalls ami 
on iJie other hand cpiickly dies down to a cahii. In spite of the dra- 
iiiatic descriptions of the Ktorma ivhieh exjaist^d tlie expedition to 
such danger and ills, and w'hich sooljscured the atuiosphere that two 
officers} were lost within JW meters of tlie ship. Mr. Curtis js not im¬ 
pressed by the c.vttcnie swifttiois of the wind, which uiiiounta to only 
If! to 17 kilometers an hour, ft is much less than at Valencia (Ire¬ 
land) or on the Scilly Isles, where it reaches kilometers. In spite 
of the Jong duration of certain stoniLS the greater [luri of them are 
short. (There were m in 1002, and 33 in 1008.) They are especially 
frequent in winter and autumn, and have a tendency to dishjcate the 
pack ice of MacMurdo Sound very early. To conclnde, they are less 
frequent am] leati terrible than on the west coast of Great Britain. 
But the s<)ualls arc so furious and the driving snow which uccom- 
panica them so painful, that one is naturally tempted, according to 
Mr. Curtis, to exaggerate their force. In th** course of these storms 
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it is often Impo^ible to nttind up in order to reueh tbe near-by oh- 
5 erva lories, 

TJie violence and duration of tlie eaift wjtids refill in clearing the 
snow mid ice from the slojws which iifc constantly espofijeil to 'llie 
I'OiiLrast y titrikiiig, as E'hown by tlie pholographft in the A lining be- 
tw^eeii the south mid west slojx.'s of Mount Terror^ ordinaril3* shel- 
tci-ed ftud eonsoquenlly entirely covered with Hnow'^ and the east and 
riortlieiist face of Uoss Island toward Cape Cro^Jer* where tlie east 
wind, whiriinir tempeh-tuouKly mid tirelessli", lays han^ tlie r*.K:k. The 
same cnninislw appear ifi ihe Hojal Society Haiige atid on iha i^arioim 
slopes of the Kerrar (Hacier. Thus at i*ertiiin ]Kdnls tlie wind, 
^Messrs. Jp G. Andersi^ii uiul t>. Xordeiiskjold liave iimijitjiitiedH, ia vio¬ 
lent enough Lo elietrk glaciation. But ive think that the retreat of 
lio^ Bamer mid of ghiebtion in genend is mneh 0101*0 altributuhle 
to tlie inci'easing ilrytii'sa of (he iiict the iuteiisity of evajKiratiom afiil 
the auiallnesa as well m the iineontrollcil nature of I he Jiuowfatl, 

IV. FJxOlLt ASD PAirNA. 

In such climatic conditions lerrestrla! vegetation is almost en¬ 
tirely hanlshfaL A few mosses ami lichens fonii the sum lotah 
The Pvtcoi^erj/ l>rought buck several speidmens of mosses gleaned 
in GL-aiiite HiirlKjr mid on llie lower slo|>es of Mounts MrebiiH and 
Terror. They ore the fnoKt southern specif knowm^ having been 
gathered near SiUitli latitudLV Five of the Feven gatherefl were 
a I read V krinwn from the Griiham An'liipelago frcini the Strait of 
Gerlaeh mid liear witness to I he uniformity of the onUmic (whir 
flora. Mr, -h Cardet adds fur! her ^''ihe gi^tiitcr part lK^uj>i; traces 
of the bitter struggle for existence to wdiicli they iiix* subjecUeil. 
Ail form extremely cojii[>act tufts, in onler to able to resist the 
pressure of beds of sn-fiw”. The lirffufa a msmofaditiiii 

speeies, prewiits itself here in so sturited a form ttiai the longest stems 
measured did not exewd a length of 3 nuUimetet^ ami the kirgesl 
lejtves reaebed only a leuglli of 0 . 3 ;> millimeter^." The other sjieciet^ 
also show' sign.s of degeneracy: deformed leaves, sickdooking stems, 
almost enniplete impossibilitv of ripening or even of developing a 
sporogone except m extraordinary circuniJitances. 

As represeritatiTe of terrestrial fauna, one laii ns yet cite only a 
single insect gathered in a tuft of mo^H from Granite liarbur. It 
is n blue Pod untie of the group cullemboles, of which rei>reseutti- 
tives had already been found, lieionging to a differeni fiimily= In 
Robertson Bay, near Cape Adan?* This minute jumping iiLsect, 
the form of w*|iich reminds us gf our CourtiliereFi^ is, up m this 
time, the only terrestrial animal known on the coutiiieiil of Vteioriti 
Land. 
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A sL^n&ntioii wfl5 om day crisateci by the discovery of gjeat im¬ 
prints in the ijiiow wliicb at fir^t siiggostefl some tcrn?§Jrial 

animal; but they were re^ogniaed as traces of the webbed feet 
of the giant petrel {Omfi-dffa fjigantia). 

In reality* all the truly UinliErclic fauim are depeudeiit oti tlie sen 
and sire liinitv'Kl to the floatitig paek-ico or tti the ixiast gkciere^ 

The juarttie feetling grounds of T2 .ok.^ Bay seem to supeniboutHl 
ID d is Lull] This at least is what arc led to Ijelieve by the ex¬ 
treme rieliiii^ of the fauna which the more or less eplieaieral pack 
covering conceakn Of their rjclmpiirf the naturalists of the 
wrffrg had direct proofs through the lisliciy which was carried oi. 
constantly in i^pite of the covering of pack-kv. and also indirect 
proofs in the continual presence of seals anti in tlio contents of their 
Ktomachs. A world of animal life thrives under the pack-ice; tliei’v 
are Jirat* *in the sea bottom, innuinerahle hordes of voniciouti amphi- 
pods belonging to the ajiccies Orcfwmcimjw^ /lam of whidi a single 
dip of thu net brought up from 10,000 to 30,000; the living fish used 
as bail were often devoureti by them* leaving but tlie skeleton l)ehiiid. 

Mr. Walker thinks that nutLibcrs; of seals wlueh jicrish by as^ 
phy.xiation under the pack-ice are devoured by tliesf) nmphipods> 
An abundant fauna of Crustacea* Scliizopods of the fuiiiily of the 
/Cup/iamifff move abE>iit with the fish and the ceplinio[}ods in the in- 
tcrineijitiiy waters. 'Fhe whicii the 

expedition lironglit back 10,000 speciineiis^ ia the nurst comm on si>e- 
eies under the ice; it k upon this spe<!ies that the Manchots feed. 
It wa.s not easy to procure Ikh owing to the seals, which move about 
constantly under the iec. having adeipted the custom of robbing the 
nets* Nevertheless, the ex|H^diticui brought h:iek a certain niimlier 
ijf specimens. moHtly very small, Ix-longing to the genera Xi^Mheidu, 
already studied at length by the Belgica, and But Ay- 

r/meo. It k interesting to note lhat the seals pnK'ured for the ex^ 
pedition two very large fi.*?!], one of w'hielj was more than a meter 
hujg and IS kilograms in weigh!. The ILsh of tlie cold seas being 
ordinarily very amalh this detail attesbi the KfwdsigifLil riehiiOf^^ of 
lijCHe waters. It should la* notec] that the wateri> of MncMiitrlo 
Sound are lainatamly renewed by curvenbF and thiit their teiupera- 
tiii^i s^-iirixdy varies more dian 1" t\ in the c^iursc of the year, y?scil- 
liitiiig k^tw^ii '■A'^ and —1,1^* We do not dwell on the numerous 
unimid sfK^cies lhat swarm in tliejfc wtiiers of i*ehitivc|y nnHliniii tem¬ 
perature Ilydr^ndes^ Tycnogonulcs, and various spongics, Thev 
are the subjects of detailed description in tlie colUvtifm of tlu? 
DhcoiiTy. !>iit nf intereti to nnlumUsts more than to geogniphers. 

There is reai^on for dw'clling longn^r tm tlte higher fauna which 
flmirkhi^ in llm si-a. isdd hiu -worming with life, and which ivdds 
its churaetcri-tie Umt- to the marine r»r litlonil puhitiii^ of Victoria 
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Land or of Ross Btirriei'* Tiiis Umn^ is disLiibiiiEed in a fnirly 
imifona fa&hion over the vrbole circumferenoe of Anlmctide, Otip 
slight ditforence bfepimiti-s Uie popnhition of birtls or of seals whicU 
animate the Aiiierkaii out arctic bin Is cxpLorctJ by be Gcrlache, 
Xordeiiskjdld^ Cliarcot. and lirin:^'! from the dornimiiit b[>ccieii of 
Victoria Tdiiid. Tims, Chureot and Eaeovi&za point out the IJanchot 
papou asi very abiiTidniit in the north of Graham Lund, while they 
have nol secn> or very rarely ihhiiiorved^ the Imp^'riEil Manchoi 
{ApteHod^(€Ji F&ritUii)* The ilaiiclioE d’Adelie A^U- 

/iV')* oil the other Jinudf apiK‘ar>i in ^reat iiuniher over all tlie ex- 
pjored region of AntarctidcT in spile of the immense area of dLsjwr- 
sioii which this fact iutplies, Tliis is a cfuidition which is not new 
in |>olar geography; the number of species is smsilh but the area of 
distribution vast, and the ruunber of iiidlvidnals considoruhlc^ 

The particular work of the I hanks to the talents of ob¬ 

servation of Dr. E. A. Wilson and to llie aid whitrii Jktsjirs. Itoyds 
and Skelton, anmng others, letii him, sceius to to have been aboie 
all to determine the zone!! of habitat, the habits and the miumer of 
feeding of tlic principal anlorrlic luammiferes nnd birds. One cun 
henceforth, it BeemSj distinguish iliree successive zones, 

Mrst, the fnte zone of the riouth Get-un. to the north of tlie puck 
ic-e: there reign sea birds with tirelessj wing«, and unteiTifieil by Ihe 
tenipcstt, bcloiigiog to the petrel or albalrot^ family, from the greiit 
ulhatruss: and the black alhati^iss to the cape pigeon jiinl the gray 
['ylinar of llie south* In the Magellan Isles or in the iii'chipelago 
of the South t>eean (MEKuinarie Islaiub visiteil by the 
Aiicklfind, Oiiiipliellj etc,), ftouriij^h the king jiengum {Aphm*ylifti 
the "royal penguin*' and 

divers seals of the genus Oti^rk. Hookers sen lion {AntcKipkitlff^ 
1/fHy/cer‘i)^ and the kcii clcphnut ^ a giganlic 

species which tUtains a length of i; to D meters but which the wlmh^rs^ 
have almost exterinirmlciL ,V seu fdephant. upparently a stmyj was 
taken by the es|>edh ioh in Hotss .Sea* 

2 Ik' pack icCi SOO ldlazneter>i wide, which separates the South 
t>cean fixmi Koss Seu* marks th« entraiiix* upon the scene of ne%v 
ardiiial aSiiiK!ialion5J. Tlie pack is never deserted. On the i.onlraiy, 
it is the j>lace of HSKcinbly of specicsj attracteil by ihe ridi fauna of 
lisli, fhf ccphEiIopods, nf Crustacea, wdiich Hwarm in its o[wning', vvliile 
great Voracious whales live at the eK|H‘nse of the hunters thems^^lveii. 
It Is the Zone, says Ihictor Wilson,, w'here the niiturjdist ruusi ever lie 
on his guard, dny and night: if he hjse tui occasion,, many ifjiecics wdl! 
never agiiin present themselves to his notice in the south. The iic 
pack Ls moreover a place whei“e they may in security frolic and busk 
in the sunshine. There appear tlie snow petrel (Paffodri^m^i uiwi) 
in moiling plunuige, the great petrel {Oj^slfraffa yif^untea)^ the 
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iintnrctic pclrel {ThalasiKucii antaretim), ami the first skua piills 
{.y^^nhsii'h anUircticd) two spcrifls of penguins (Adelia qik] Impe¬ 
rial) not yet fully devriopeii, iimi living on the sibiiiidant Imnks of 
h»pkati»ia flff/jt-j'ic?, to whivh nlso reft'r for his nutrition the vihite 
peal or cnib-eater {Lobodmi farvhiophaffun) , of wiiSeh the deiiiLlion is 
diap^ed lifter tha manner of ii seine. The Ross si-al {Otiintat^phaai 
with molars atiophid for want of use, lives at the espioiise of 
the cephiilopofls. Residt^ roam all iviund „ Jmnle of rainivitrous 
Hoimids L-arryiiig n-rror among the lowly fisherniem the sea leopard 
with nHlouhudiJe dentition, in the stomach of wliirh 
Hass found iJS jMmnds of fish, and the uatiiralisis of tiie Dhcover>/ 
found an imperial pmgnin, entire. Finally, at the end of this car- 
iiivomuK series, tile inxips, swift uml niinieroiis, of orcas or epaulanls 
(Orftt fflatiiatdr) swallowing indiseriminatelv [x-iignins and mils in 
which it inspin's terror. TJie crati-eatiiig sen], the most ahiindant on 
the ire park, shows fiYipii-Jit sears, tmliculive of figlu.s witli (tie oiva. 

I [sm the lee park which fringes the shore of Vlclorhi l^md. the 
faiina is Jrsa varied, but ihis struggle for e!cist.‘nre is also Jess severe. 
Toward the border, nearest the oi>on widiw, the lierd of nmnehots in 
fleloW install their Htrange dwellings, of wdiieh Mr, Wilson, after 
thil of Cnp^ Adjire. fnve?^ a picturtocjiic desicripMoii. U is 

thi-rt- lliat tiny (-oiniiiorilF in Jow plni!(^* sometiini-s npou ruther 

higJj tinr within ensy nmrli of piTinanoiii or [>urioili<? 

111 the ire psek, fettling Meiiloiisly their young, in spite of the niviiffre 
which the sre gulls make in their ranks. In these reokeiire thon^ 
sands anil thousunds of [icngiiihs frisk uml strive among theinselves 
witli great iioim and amidst an iiisup|sirtable tnlor. 

Messrs, \\ ilson and Royds have determined as a result of heroic 
visits piJjvucd under trying atniiKpheili; eomUtions toward (he coloiiv 
of Cafie Crmiier 50 mile,s frem the si. ip, that two animals in pa^- 
tieiilar are in hal.jtat and custoin symholic of the iwculiarlv severe 
ch.nale of Victoria I^nd^ thex- are the Weildcll seal {Leptoupr^f. ,, 
lo delathi and the tmjx-riai iiinncKot or penguin. The ’i^Vddell luuit 
credulous and trustful, for it knows no enemies in the eonipaet ire 
where It orilit.anJy stays, lives upon (he fish |l,at swarm k-neath the 
ice. tt nuiiains even m winter digging it,se]f Imles in the sea ire, and 
spending the coldest seasons in ll,e water. During the polar niglu its 
gnint was heard as it swam bciieaili the ship. Its body is almost 
never srerrttl like that of the erab-eater, for the ort^ oaii with dlfU- 
ad y >1- I he ^Veddcll seal i., little dislurlittl by the presenre of 
men, thus jt ftirntshed an easy and ahundam pr^iv to help out the 
flf the crxfKHhhoru ' ^ 

On the other hand, the naturalists of the DUca>reru rtrejmi/A^d and 
flxiigmiL.) tliat has been described. They collected egg^i and a few 
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of the joiin^ of this magnihcieut bird, >vhich measures from i to 
meters; nod weighs from 30 to 40 kilogramsw Thu? bird it appears 
breeds on tlie itsej ut the foot of Bass Barrier, in the heart of winter, 
and as earJy as the moiitli of July. It builds no ne^s but places its 
on the dor^I surface of its feet siul covers them with a fold of 
the skin of its alidomen. I'he difTereiit memliers of the colony wliile 
fighting over llio eggs and the young bring about among them an 
enormous mortality, equal to 77 pi^r cenL A few weeks nfter the 
hatching tiu- manchot trusts itself to the drift ice and is Wrne away 
to the north ^vith its young. The description of this singular animal, 
m well adapted to the strange autaix^tic life, is entirely new. 

In brief, tlic expedition of the lyiseouery has, thankif to the par¬ 
ticularly happy choice of winter ipiarters^ made a siilsstantia! addi¬ 
tion to our knowledge of Vietoriu Ijind. 

Indeed, it would seem that there was kft to future expeditiiHis 
onl}^ the tapiik of gleaning, except ^ far as exmeems the making of 
<‘fdlet'tinns of marine animak, where the field of dis<x»very is ycl 
enormous 

(idditioMl iVrty 31^ —The extraorclitiary re- 

Fults obtained since the puhlication of this article, by the expedition 
of Sir E, IL SliRekletoiii the detemiinaticjii of the south miigtietic 
pole^ the ascent of Mount Erehusi, and, above all, the discovcni' of a 
high frozen plateau, 3,000 to 3,500 meters in altitude, around the 
Antarcjtic Pole, have shown that we have boon too modest in our 
prophecies. We can say without reseriie that tlic most extensive 
reiiiaiiiing fielil for discovery lies in the mjT5teriouKVuithorti world. 
It is lierhaps the last terrestrial region when* we can ntnv exiiect 
sens^itinnal disroveries in puni geography* 
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The Britisli Antaivtic exp^iJltionj lufi Port LylteUinv. Xrw 

Z<ealnndf on fJanuai'y U for the In tLbs urtkb I n iJl not 

attempt to deal in detail Trith the prelimiiiarj' armiigementfi and Tritb 
the equipment. The amount of money fit my disposal had been lim¬ 
ited, nnd eeoiiomics had been necessary in varioiia cfireetionsi but I 
had been able to get together a sraal! body of wcdl-qualihc;^ meii^ and 
we wero fully e€|uipped as for as food^ elothingj .dedges^ ete^^ AVere 
eoncepned. iVe had a iimtor caPj ponies, and dogs for haulage pur- 
jjoses. 1’he generosity of the admiralty in lending the e^^pedition ii 
nnmlier of instniinejits enabled me to make the ^^^ent^fie eqiupment 
fairly complete. The iXimrod, in which the jmirney to the winter 
q nailers on the Antarctic Coritiitecit liad to be under taken ^ was cer¬ 
tainly small for the work, and left Lyttelton with sctircely fi feel of 
freeboard^ a }4€!iinewh]it srcrioua matter in view of the fact that ven^ 
heavy weather had to hi^ faced. On the other hand^ tJie ship was 
very sturdy, wcU fiuiti:<l to endure rough treatment in the ice. 

The ^ihore ]iarty consisted of fifteen men, my companions Ijeing as 
follows: 

Lieut. J. Adams, E* N. R., metenrologist. 

Bertram Arinytage, in charge of ponies. 

Sir Philip Brocklehurs-t, assistant geologist. 

l*rof. T. W. Edgeworth David^ F. R. S^, geologist. 

Bernard Day, electrician and motor e.xpert. 

Ernest Joyce, in charge of general iiore^, dogs, sledges, and Koolug- 
ical collections. 

Dr, A. F, Mackay^ surgeon. 

Dr. Eric AtarsbnU, surgeon, carlographer, 

G. E. llni'ston^ artist. 

4 neprlTiteU by peniilselon fratu tIt!ti^rapLLliMl iourual, Ijsiidini, l ol. S4, 
No. 0. November^ llKiO. 
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t>(Hig]us Jlawstiii. mineralogist and i>etn>logist- 
MurraVj bioJogisL 

Unjniond Pri(i.stle>\ geologifit- 

Wjlliuni Pol^erts, ctxjki 

Frank Wdd^ in cliargo of proi isions, 

J’rfifoi’ior Din-id, of .Sydtiflj t'lii vernily, joinetl the exjje<litjon ut 
the lant moment, and the st>r^'tccs of ffueh nti experteut-ed seieiitifio 
niaiii i%etT3 In^Alutihle, was lecturer iti minei'Hlo^^V 

and petrolopj- nt tlie Adelaide University, .lames ^lurmy had been 
Jtioiog^ist on the Jkoltlfih Lake survey, atul had made a special study 
of niier^'opic zooio^', b einmnistance Hint led to most importaiit 
(hstoveries in tlie frozen lakes nf Uoss rslntnl. .Jnyfc and ll'ild, 
like niyself, had served on the National Antarvtie Ex^^lition. 

My originul intrntion was to winter im King Edward VII [.and, 
a part of the Antai-rtic Continent at prcHtiU quite iiiiknowji. The 
d tntrwl was towfti to the Antnretic cirde. a distnnee of l^^OO miles, 
in ouler that her siiiuil supply of coal might be conserveil, anil we 
Were soon in the belt of ice that gnartls the approach to the Kosii 
Sea. The navigation of the ice was not iiiore thati usually ditliciilt, 
and on .laiuiary IG we eptered the licis. Sea in ITS* 58' E. long, 
(appro si mate). Keeping a southwesterly coui'se. we sighted the 
I’ri'ent Ti-e Barrier on January 23, and prmwdctl to skirt the ice edge 
lu an ftisterJy dircctlofi toward Burrier Inlet (Fiulloon iiight), the 
spot seleeteil by me ms the site for the winter qinirterH. I knew lliot 
the inlet was practically the beginning of King Edward VII Lund, 
and tliat it would bt! an easy matter for the Hliip. in the followinn' 
summer, to reach tis tbei>^ whereaa the bind sighted l,v the />wct)rcrtf 
e^pniition might he unattainable if the season were advenie. In 
Il>a* long., nesir the iioiiit wdiere Burchgrevink landed in IdOO, 
we sighted beyond G or 7 miles of Hat ice^ steep-rmiruled clilfs, hav¬ 
ing the .ippeiininee of ice-covmwl land. M'e could not ^top to in- 

VCStlglltil, 

Hie plun proved imprBctieabkv for we found that Barrier Inlet 
had ihsappearetJ. Jfnny miles of the nnnier edge had r alvcrl awav, 
and insteml of the narrow bight thei-c was a wide liay joining up 
wjUi lUincligrevijik^H and fomdiip a fk^prea^irtn tluiL triilled 

the Bay of Wniales. \Ve accordingly made nn attempt to reneh King 
Liii^nrd Vll IjjintK bn I htti' aiinni up IiVPUp iiiisiiciL''(.wftil, Tlip way 
was hartwl liy heavy ctai.solidatctl pack, into which berga were frozen 
Iiml tins ,ce stretched for to the north. The season wan advancing’ 
the .Vimrod was leaking, as a result of severe gales on the journey 
iinulh, and 1 decided tlmt w'e had lietter proceed direct to McAliirdo 
iwiind and establish the winter quarters there. The Ximiyt/l en¬ 
tered the sottJid on Jnminiy 33, and was brought up hv fast ice 20 
miles from Mat Point, the spot at which the Z^iicorem/ expedition 
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ivinLered in 1002 mul 190S, Tlie ice showed no sig^s of breaking 
oiJtj mul on Fubniary 3 wt? proceciied Ui bnd stort^ and erect a huL 
on Cojjo Hoyds. the spot selectcfl under pressure of eimimstances:\ 
for the winter qiiMirters of the espeiJitioin On I'ebriinry 22 the 
Ximrofl went north ngain, leaving the shore jiady at Capo Koyds. 
Tliy ship was to return the following summer. 

Tlie first work of importance undertaken after tlie winter qnartarH: 
had l>eon established was the asci^nt of ^\loitnt Erebtis% This active 
vok-ano^ which has an altitude of over 13,000 feet, was of partirulur 
interest frtun the ge^ilogical and metcorotogtcal stjuulpnint, Lind 
though I lie ascent was likely to prove dillieult, it seemed that the 
ottempt should he made, A party of sis set out from the winter 
qourters on March 5^ and on the morning of March lt> five of the 
men sl<K>d on the edgw of dio active crater, thesixtli having Utcn left 
lit the last camp with frosl-hittrn feet. I'he seientitic restilts of the 
journey xvere both Liiteretiting and iiii|}ortant. The party found that 
the height of Hie active crater is tIhikiO fetd alwve sea level, the iignriTH 
being ealeulated from aneroid levels and hyjjsometer readings^ in 
conjimctiun with siinnltaneons readings nf the Inutinteicr at the 
winter qiiarlers* It was noted that the moraines left at the (lertwl 
of greater glaciation aii^tuid the wi^tern slopes of Mount Endms to 
a heigJit c^f fully l,tMMi feet ala>ve sen level. As the adjacent portion 
of Mi-x^tunlo Sotind JM III least L800 feet dee|>, the icf' sheeA ot its 
iiiaxiTiium devetopmont must have had a tliickiiess of not less than 
fci'L Two dihtinctivc fr4itares of the geological slnirlnre of 
MoLint Mrehus w^ere the k-e filniaroles, and the vast qmiTLiities of Inrge 
and [H'rfi?ct felspar crystals* tTniiine ice mounds have hi^mi formed 
in the Clip of the seomd crater* fiom which rises the pri'sent active 
eoiie. by the condensution of vaptjr round the orilit^!* of fiiiiiarok^. 
Only under cnnditicms of cxlrcinely low teiiUK-ratTirc t'oultl Hiirh 
slrnctnres come into existence. Tlic felspar cry.sla!s^ found in enor¬ 
mous quantities mi.ted witJi snow imd fnigmciiLs of pumice in the 
scoond cm ter, were froui 2 to 3 inches in IcngtliT and vciy" tnany w ere 
laiTfect in form. The tin id lava which Inul siirrnii ruled them hail 
been blown away by the forc'e of tho explosions w hich had cjecteil 
them from the crater* The valuable rncteorologieiil observations 
made can not slated w ithin the of tliis article. 

The most important event of ihe winter nionltui was the di.scoverv 
by the biologist of miorosi:opit^d life hi the frtixen lakes of the t:a]w 
Uoyds district. Investigaiiotis showed tluit alga; grew at the kitlcHii 
of tlie lakes, w hich are fmascri during the greater pari of the year* and 
in some tTfises thaw completely only in exceptionally warm seasons, 
'I’hc micixisempc showiuj that water k-ars, and other forms of 

nuniite animal life exkted on tlie weed. A shaft was ^mnk through 
15 feet of ice to the bottom of a lake which did not tliuw' during tlie 
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iwii siinmi(<rs that we spent nt Cape Itoyds, mhI on weed fcumd under 
the ice lliere were living rotifers of several kinds. Other rotifei^ 
were foLuid on weed melted out of solid ice. it seenuHl obvious that 
the Tiilcroseopic aninial.s were side to live at a u-iiiperjitorE^ at leawt as 
low as 40 below m*to FnliEenlielt^ and ex]jerijnejiLn verifit^d tliir^ i-on- 
elusion. Tile snbuals were ueit killed by thal tenifMjraliirr, Ibougli 
all the na tin'll I fiiriLlIuiis \ven\ ffiispendeiJj ineloLling Uie Ijojirjiig of 
3 'oLirig among llie vjvipiinms ii|>ceieii. They were altenialeiy fioii^L'ri 
and Liiaw^eil weekly for ii long j^rioil, a in; I tot>k no harin^ - They were 
dried and fimeri. ihnwetJ amt niLiisteneti, and still they lived. Tiiry 
lived in brine so salt ibitt ir frozen only at a leiii|>eraLnre of aboiu /.ero 
FahrenheitH, ami many of tlicni survived the test af l>oing drieil tiiul 
ptaeed in a Ixitllc, whieh was llieri izninersed ia iKJiling waier, *Soiue 
nf the wee;d (nirn'ing the aninmb was dried and cotiveyed to iAimlon, 
being snbjeeLwl to tropicid tetiiperiiliin.y on the way. It wan iindst- 
ened in Ivotalotn and the animals vven» found to lie still living. They 
Survived a tin til test of immerHion in frozen gas 5 at a teiniK^ralpiv^ of 
—SI" C. Tlie whole subject is iHie of extraordinary interest To 
biohjgmls, and the scientific iiiemoirs of the expedition will cnibialy 
the results of all MnrnvyV oUscrvntions arid experiments. 

Early in (he spring of illPS we iwgnn to nuike nn-ungements for the 
filedging jonriieys. (Jiie imriy^ led by was to go south toward 

the geographiLTil pole; IVofes^or I>Avjd was m take a st'eoini i>:irty 
norths and attempt to attain (lie south inugnetic pole: and rt thinl 
party was to undertake gtwlogioat work in the nmiinhiins west of 
Mc^Iurdo Sound^ with ilm sjweittl object of diseov^ering foiirfils* Tlie 
motor car had not proviul n siiceeys. The jw^trol cnginti iiin welh 
even at low niinnK temperatiireiJ, and on the i^a the car could 
travel fti^t and fitr^ but wjft snow, such as was encomiLered on the 
Barrier surface, fnimeil an elective bar to its progress. ^Ve had kft 
New Zealand with ten pioniesi* imported from the sub-A retie rej^ods 
of irorthem Jianehnria, nnd landed eight of the animals at Caiio 
Royd-s in fairly good condition. 


rnfortuiiately, four were hist early in the winter, that only four 
were left av'ailalde for the sledging work. We had dogs, bred from 
the Esldmo dijga usei:i by the Xewiies4lorchgt‘c\'ink Kxpetlitiou* but 
after the ex|ierierice of the Expedition I had little confix 

ilem^ in the^ atdmtil^ T pinned my faith on the ponies for the 
southern journey. Exjicrinierita showetl tliat thiw could liaul easilv 
r50 pounds ench, this including the weight of the sledge (CiO iHimidsK 
mi l that they traveled well on bad surfaces, (bus rridli^ing the hopes 
T had bisfHl on reports of their iK>rfortnimc8s in their native ctuinlrv 
1 made a pndimmaiy journey on to llte Ranier Mure the ivturn 
o Urn atm, taking ..4th me Prof^^r David and Arinytuge, in order 
to get uu idea of the smrface to be encountered. We experienced 
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very lovT temperalwre. below md we only sta™! out tnr^ 

few days- By meajifi of a series of sledging^ joanievii from Capo 
Roydsj we establUhed a depot of stores at Hut Points and on Sep¬ 
tember 22 a party started out to lay a depot on the Barrier beyond 
Minna BhifF in readiness for the sioutherii jonmey* The tempera¬ 
ture got down to —50* with blizzard w1nd>»> and the {^etroleiim 

for the cookers was practically frozen at timt^ while oil Minna 
HliiH we got among crerasses. 

On October 6 w^e laid the depot in latitude 79“ W S., longitude 
IGB® E.j a distance of 120 miles fmm the winter quarters. We 
reochcfd the hut agjiiii on October 13. In the meantijne, Professor 
David, DougluH Mawson, and Doctor iliickay had atniied on their 
journey to the south magnetic pole. I did not see them again until 
Jfarch 1, ISMID. 

The southern party was to consist of Adaina. Marshalh Wild^ and 
mj'self I decide*! to take provisions and oit for ninety-one da vs, 
the daily allow^anoc of h^odn, as long as full rationsf were given, to bo 
34 ounces. The allowance was made up as follow'sj 

OttClM. 


Peninilciiii___ ._____ T. 0 

Enfceri^eiit’y ration-- _______ 1,3. 

Blsealt__ _ _____ 10^0 

(liecfte or oliocolftie. ___ __ 2.0 

Ortcpfl- .—___ __^___ _ __ a,r 

ptarimen -. ---_- ___ ___ 1^0 

Slijtor,., .... = . ^,3 

Qiiitker _______ I.0 


Ten. nml pepper werp in H<]dilion. The totnl tfoigLL of 
the provisions tiiken n'as 773 poiind^ 8 ounces. Knch pony was to 
<iniw an ll-foot slecige. In regimt to our own ciothinjf. wc made u 
railieul reduction in weight as compared with previous expeditions. 
\\''e wore Burberry windproof gaberdine over •Taeger woolen utider- 
{rniiiifiits, and used furs only for the hands and feet and for the 
sleeping bags. I am satisfied that we could not have tra^'eled a.*? far 
ns we diet in the time at our disposal had we tvom the usual heavy 
gartiierit.s. The other articles of oiir equipment were along the lines 
laid down by other polar explorers, weight having been reduced to 
the miniiiium in each case. The scientihe ttjuipment included a 
3-inch theodolite with stand, three chronometer watches, three 
pocket compasses, one hypsoineter, eight thenuoineter8, one case sur- 
vejntig instruments, two prismatic compasses, one sextant with arti- 
Gcial horizon, and camera witli platen. The foiKl for the ponies 
consisted of maize and Maujee ration, with a little Australian 
4S745’—BU 1900- 
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('ninpt' 0 £ise <1 fodder, 1>00 pounds tii all. the allowance for cadi pony 
U'hip If) pounds per day. 

The southern party left the winter quartern on October sS}) accom* 
panied by a supporting jwrty of six men. Progress iit first was slow, 
lioavy weather and i'rcvas>ed ice being encountered; and U was not 
until Xovember 15 that we rcucherl the depot laid out on the spring 
journey, the supporting party having left «s some cJayH previoitsly. 
The iMiniefi w‘frc pulling well, and I vi'us feeling Very satisfied with 
the change fiYitn the dogs used when 1 accompanied Captain Scott on 
his southern jnnmc}’ in 1002. The surface was soft, but we were 
able to move south at the rale of about 15 miles each day. t.tur 
(suioe lit}' farther from the land than the course followed by the 
jirevions expedition, as is shown on tlie ticcompanying chart, (nasi 
marches were made in the days that followed, and on November 2(i 
we c-jiinjua] in httiliide 32® 18^' S.. longitude 158° R.. having passed 
the '* furllicst south record. New land had come within our range 
nf vision by this time, owing to the fact that we were far nut from the 
hsiiie of the niountnins. and I had noted with some onsiety that the 
coast Ircndcd sonth^SOiitlieasl, thus tlir<‘ateniiig to cross out path 
and olistnnd the way to the pole. Wc could see great snoAvetud 
iiiciunluiits rising (xwond Mount Ijongstnlf, and also far inland to tliO 
north of Mount .Mnrkhaiu. On NovenilMW 26 we opened out Shackle- 
ton Inlet, and looking up it sighted a great I’hain of mountains, whilo 
til the west of tiope Wilson appeared another chain of sharp peaks, 
ftliont 10,000 feet high, stretching away to the north beyond Snow 
(.lape. and coiitinning the liinil on which Mount A. Markham lic& 
The first pony had Itee.n kilted on Koveniber 21, when we were south 
of the eighty-fitvt puritHel. and we had left a depot of pony im*iit 
and ordinarj' storea to provide for the return march. We starteil at 
once to nw pcuiy meat as part of the daily ration, and soon found Unit 
Scrapie of raw, frozen meat were of assistance on llic inarch in nniin- 
ttiiiving our slrength and cooling our parched throats. A stM-ond 
(>ony was siiot on Novemlier 28, and a third on Docemlier I, hy which 
time we were closing in on llie land, and it had become apparent that 
we would hove to find a way over the mountains if we were to coii- 
liniie the southern march. We were still sighting new land ahead, 
iinrl the coast line had a more distinct easterly trend. We camiMsi on 
DecemlK^r 2 in latitude 83“ m' S., longitude 171® 30' E.. opposite a 
rwl granite mountain about 3.000 feet in lieight. On the following 
day we cUmbi'd this mountain, and from its summit saw an enormous 
glacier, stretching almost due south, flanked by 
issuing on to the Harrier south of onr camp! 
that we had lictter ascend the glacier, and on thi 
our way, with two sledges and the last pony, on 


huge mountains, and 
We decided at once 
e foUow’ing daj' mad^ 
to its surface. 
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IVe encountered difnculties at once, for the snow slopeE;, by monns 
of which we gnincil the jj^lticicr surface, gave way to blue ice, with 
tnmibcrless cmcka and crevasses, many of them rexor-edged. Travel¬ 
ing on (his sairfuce in Hnesko was slow and painful work. On De- 
cenilier 5 Murrihall and Adams, who were ahead looking for a route, 
reported timt at a point cIohp to the granili* dilfji. a bird, brown in 
color, with n white line under eacii wing, had flown over their heads. 
Tliey were sure it was not a skua guU, the only blrtl likely to have 
Ipcen attractctl by the iiist dctid pony. It was n curious incident to 
•icctir in latitude S;l“ 40^ S, 'Wit left the fourth depot close to the 
foot of the glacier, at the foot of a wonderful granite clilf. polished 
liy the winds ntid snows of agios, tin IJecH'iubcr (! wo timk six hours 
to pass almnt fUX) yards nf iMjverely crovassed ice, over which uU our 
gear hud to l»e ri'inycd, nrd on the following day we lost the lont 
pony, u'liid) felt into a crevasse disguiseil, like sev many oihers, by a 
Irt'acheroiis snow lid. Wild wits leading the pony w'ith otic slftlge, 
while Ailjims. Marsliall, atid myself went nil ahead with llic nthcr 
sledge and picuicercd a practicii) path. We had pai^d over a aiiow- 
covered m.‘i'ussc without noticing it, Iiul (he greater weight of the 
pipny lirokc ihruugh the lid, and the aiiinud dropiicil throngh, prob¬ 
ably to Jt dejjth of {several hnndiXHl htct. Happily, the swingk- 
fiw Htiapiwd with )i sudtien atniin, and Wild iiiid the sledge were 
saved. I'liis accident left us with two sledges and a weight of about 
2;>0 |H>iinds per mnn to haul. Our altitude ut this lime was about 
1,70() feet idx)ve sea level. 

Ihirtiig the days tliiit followeil we made steady prtjgress up the 
gliieier, experiencing constant dilliciilly with the ere v assies. We hauled 
well nhetid of the sletigps. su ilmt wIu'ii one of us drop|)ed through it 
snow lid the Inirness would supjiorl him until he could he hntiled up 
again. ^\e hud miitiv painful fulls as a result of having no hiotgear 
suitable for the ice rJimbiitg, and any future travelers would do well 
to take liools with spikes, A S|>eciiil form would have to l» devised, 
on neeoiint of the low temperature rendering impraclicoble the use of 
nidinary mountaineering boots. N^ew land apiiearcd day after day, 
and w'e were able to miil<e .sTnall geological collections and to take 
some photographs. The rocks were sedimcnb'iry. the lines of stnitiH- 
cation often showing cleitrly on the mountHin sides, and we made two 
geological difseoverips of the first importance. In latitude S5'' S., 
Wild, who had clitnhed (he elope of a mountain in order to look 
ahead, found coal, six seams ranging from 4 inches to 7 or S feet in 
thickness, with sandstone intervening. Close to this point I found a 
piece of sandstone showing an impression, and microscopic investiga¬ 
tion has shown that this was fossil coniferous wood. 

The glacier proved to be about 130 tulles to length, rising to an alti¬ 
tude of over 0,(300 fec(. Christmas Day, 1008, found m in latitude 
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55^ S-j fl plateau with icefntls appearing to the i^oiith. Much 
flacintcd land trended to the southeostn, apparently ending in a high 
inountuin shaped like a kf?ep. Tlie land to the wpift had been left 
l^ehind. It tta* evident that we were .ntill beloAv the plaleaii level, 
»t]d though we were getting free of the cifevaiiseis* we were hindered 
l>y much t^ofl Know. 'I'he level was rising in a series of steep ridgeiH 
about 7 miles apart* We had started lo reduce nitious liefore leaving 
the linFrier Aiirfaeet and hv Christmas Day vren? marching on very 
short o>in[iioiis. Our Leniperntiire was 2*^ subiionniih hiit otherwdF^ 
we were well and fit. 

On Decemlwr 31 we cainped in latitude 54^ S* M’e IumI not j^et 
reiidled the i^hUeau levels for sIoi>es still lay uhe^d, and oiir altitude 
was about lOjXW) fwL ’IVc had three woeks^ fotnl on a mhimHl ratioiu 
and were ISH gongraphiciil mile^ from the ptile, 'fhe land hait lieeti 
left iKdiind, alii] we were traveling over a white expansi^* of s:jkjw\ still 
w ill] rising slofx^ uheaiL We were weakening frniu the cuinbiiied 
f ffct.-ls of sliori ftHal, low teinperaturej high fdtitiide* and heiny^ work* 
We were ftble to tnareh on llie fii'sl siv days of plunnary* and on tlio 
night of .bmuary campetl in latitude 88'' 7' S. We ha^l itu-reased 
tbo daily ration, fen- it bad l>ecoiiie uvident that vitality could not 
tuaintaiiiHl on the ainoutit of food ^ve Iniil Ikhth takings I lind licen 
foi (vd to ol>aiidoii the liojH? of reaching the pole, and w e were concen- 
t rating cnir clTorts rin getting wdUiin lOO miles of the gwil. 

A fiert'o blj/Kartl hkw on Janiiiiry 7 and 8^ and made Eiity riiarch 
Inipfisjiible. We lay in uur sleeping hags, fn^pieiitly attacked by 
frirttbitiN Tlie wind ceased at 1 a. m. on January ft, and at 4 a. m. 
we ^ta^le^:t souths leaving the <*anip standing, and taking <uilv instrii- 
nitnl^^* fiHM.1, and the flag. At ft n. m., after live honrs* marching over 
a fairly bard surface, we calculated we were in huuiide 88- 23' S., 
and we boistetl llie flag. The snow plain stretchofl bouthward to the 
hnri/am without n break. 

The homeward lUEirch was rendeml diflicult by shortage of fomi 
unci Bttiicks of dysentery» due to the meat from one of Ihe pinief^. 
We picked up a depot left on the plateau on Janimrv 4, and made 
rapid progrcfcs to the north. The blijnsard winds from the sontli. 
vhich had hiinij>ered on the outward jotimey. noiv proved of assist- 
iiiu^* for we maile a sail from the floor cloth of a tent and travcieil 
fast with oiir one remaining stedge. On Jatiiiurv 19 we covered i 
distance of 29 miles down the glacier. On January IB we ran out of 
when IB milffi from the glacier depot* and we mardied for 
thirty^one hours wuh only a little tea and chocolate. We were able 
lo reach the depot \tx an exhausted conditioir We left the glacier 
and reached the Barrier surface on January 28. but Wild wm 
attacked by dyi^^ntery* and u little later we all suffert^d. The trouble 
evideudy due to the meat from one pony, and as the fiu/en flesh 
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could not have become tainted in the usual wit* xre assumed that it 
iviia due to die toxin of exhaustion^ the anima] hoA^ing been kiUetl 
w hen A'cry Aveary. 

We were assisted on the southwatd matx;h over the Barrier by 
snow nioumb erected on tlie outward journey, and we picket! U]> the 
depots without any difficulty* reechJiigeach with our food bags empty. 
We could not march at all on February 4, owing to acute dysentery, 
but Are Arere able to continue on the following days, nnd on February 
23 rre reached a de|>ot, laid out off Minna Bluff in neadiness for our 
rettim* by ii party from the winter quarters. We A^rere all safe on 
board the Ximrrfd on JEarch 4. 

The latitiiEle observations made on the southern journey were 
taken with the theodolite, as were all the liearings* angles* and a^i- 
muths. Variation was ascertained by tneatis of a conipiL=3j attached 
to the Uieodolitc* and the steerijig compasses were checked accord¬ 
ingly^ Ab noon each day the prismatic eompa^^es AA-erc placfKl in 
the true meridian and chet'ketl against the thetakdlte compnsa arid 
the j>tiHTiiig compasses^ The last latitilde observation on the outAvard 
journey wiis token in 87® 22" and tlie remainder of the distitnco 
tutvart) the south Avas cakiilated by sledge meter end dead rockoiung. 
Tlie iiL-ciii'iicy of the sledge meier had been pr<m*d by the fact that 
the dsiily rc<'onl of distaiu.'e traveled agret^d roughly with tlie ub- 
servation-H fur posit ion* We tocjk only one obserAdtloti on the returti 
journey, on January 31, iind ilieii found that our position had lieeu 
accurately iworded by the sledge meter* 

The resnih.s of the southern journey moy tic summarized briefly, 
\\> found that u chain of great mountaim^ stmtchcd north by east 
from Mount Markham as far as tlie eighty-sixth parallel, and thM 
other rangt^ ran inAvartl the soiilliAVest, soiitlu and southeast lielAveen 
the eighty-fourth and the eigUiy-sixtU parallels. We ascended one 
ui the lnrg*‘^ft glaciers in the world on to a high platenu* Avhich in 
all prnbiibiUly is w cuntiimatinn of the \ncloria !^nd plateau, llio 
gt^igiaphicul pole almost certainly lies nn this plateau, at an ctltitnde 
of betAvetn 10,600 and 11,000 fwt aimve sea level* The discovery of * 
coal and foe^il v^ood has a very iiui>ortant Iwaring on the question of 
the past geological history of tlie Antarctic Continent, 

The northern pniiy consisted of Professor David, lk>ctor Mackny* 
iind I>oiigIas JIqavsoil The Ihree men left Caj)e Hoyds on October 5- 
and tnivelctl oji the sea ice along the cojist as far as the Drygalski 
Barrier tongue. Tlicy had neither dogs nor ponies, and as they 
could not haul the Avhole cif their load at one time tliey had to relay 
their Iavo sledges, thm coAcring the ground thiw times. They 
reached the Thygalski tongue on Xoveinber 30, and fi-om Uiat point 
^itnick inland in a northwest direction, wilh a lightenetl load, toward 
the soiilh Miugtietie pole. They crossed the Diygalski GlHcier aaIiH 


3G4 ttEPOBT* SMITHEWNIAN INSTITUTIUK^ 1009. 


TCTT giPeot JifBcultv, fl fortniglit being oecupiecl in giiitiing SO miles 
over steep ice ridges and crevasses, and twice failed in uUeinpts to 
climb on to the hibind plateau, firsl by means of tiie Mount Xonsen 
Olacier, and tberi up llae Bcllitigshausen Glacier. Fiiittll}% they i^uc- 
(Teded in finding a path tip a stimll tributary glacier to the mu\h of 
Mount and gained the plateau. Tlien came a painful march 

over the plateau, which gradiially rose to an altitude of over 7yOOQ 
feet, in the face of blisusardls^ hroad undulations, nud lilgli sastrugi. 
On iTiinutiry 1909, the party reaebed latitude 72"^ liT/ S.. longi¬ 
tude 155® 10' E-, the a]3pro?klmate position of the magnetic pole 
calculated from the observations lakcn by ^klawstiai with tbe Lloyd- 
t‘reak dip circle, Tl^e journey back to the const hud to bo made by 
fcsrcetl marelies, for the party knew that the sea ice w^oiiUl have* 
broken otit and that their hojie of i^fety depended largely on tlie 
which was to crtiiise along the cm=isL els far ils Cape Wash¬ 
ington early in danuaiy. They I'eached tho Drygalski Barrier 
tongue on .Jiiniinry 3, and on the following tuomingH, by a happy 
i^oinbination of circumstances, wuie picked up by the ship* which was 
on its way I jack to the winter {planters after a fniitU^ss search along 
the c<j£ist. The party did very useful geographical work in the 
f'our^ of ibi journey^ for !Mu\vson triangulated (he coast of Victoria 
lotrid from Mc^Muido 8ound to the Drygidski Barrier, and many ncH' 
]}eiiks, glaciei-s, and longues were sliscfiveretl, ns well as i\\n tnuall 
islands. Pmfessor David studied the geologii-al i-oiiditions wdth 
good results, 

7 he western party consisted of i^j'mytnge* Priestley, and Brocklc- 
hiir^it. and it fir^t prcozeiNled by the I*emir Glacier as far us the i^oli- 
tnrj' "Rorks* wdth the s[x^rial object of .seandiiiig for fossils in tlie 
Hnicon s^mlstono fomiation&i Priestly made a thorough geologii'al 
search of the tieighborbm^d* but without siiceesB m fur us fosnils 
w^em conc^erned. The party descended the glacier with i]w oiijiH-t 
of joining the noilhem partyj inx-Eircling to my instructjoiiii* but the 
jnncUon wub not elfect^ owing to the dela)^ that had overiaken 
Trofessor David and liis companions. Priestley waij nhle to work 
at the Strandefl Aloniincii and in Diy Valley, The pally ivas picked 

up jy t le - iniTiitl on Jauiiary 25, after narrowly escaping di^ster 
oil a drifting ice floe. 

xMl the nuinbiTs of the expetlition were aboard tlie y^imroJ on 

yumh 4, 19(W, mul pr«aM.,lMl ^ovlh imdtT islcdni ut once, for tha 
seawall ndvtthcing um\ tUo tx,inmeiir«l to form. We 

j*?r ' * !ir^ ilfttcU f>, uml I made an attempt to pnsh 

oit iM'Ht of Caijf Norlli. whIi tK„ ..t _= * ‘ ^ , 
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niul on the rnorning of Munrh from that position, we jsaw n new 
L-unst line atrctdilng fir^t to the iwnthwntd, nml then to the west for 
a distunce of over 45 milen. ^Ve toiik angles and laiunngs and 
sketched the Oii( line. Then we went north, and on Maifh 22 reached 
Xew Zealand. 

Tlie i^wlogiciii ivorfc of the ex|>edittc]n was carried on Ly l*ro£. 
T. Edgew-orth David and Ruyiuoiid Priestley. I have already 
nientioncd matters coimcctetl with the (ii'eat Ice Rnrrier Their 
coiicltisloiis in regard to other fwintH are siitnninriiscd ns follows: 

<1) ThrougljoiJl (he whole of the region of Aiitareticii, e:(aniined 
by iis for 1(1 (legreea qf latitude, Uiere is ovidem^e of a iwent great 
diniiniitioii hi the gtaciatioii. In McMnrcIo Sound this arm of the 
sita, now free fmol land ice, was formerly filled by a brunch of the 
(irent fee Barrier, whose aurfiiec rose fully 1.000 feet tilmve sea 
level, and the Barrier ice in this sound, in iireas fmiii whidi the 
ice has retmited, was formerly about 3,000 feet in tldokiieB}(. 

(2) I he snowfall at Cape Koyds from Kebrtiary, lOOti, to Eel>- 
riiarv% 1000, was wjual to alKiut OJ inches of rain. 

(3) 'lire l]^ve-f]cl^lf^ of Aiilarcticii aiv probablv* of no Erreal 
I hickne.s!.. 

(4} Hie aoiitheni und western sides of the sector of Antaretien 
south of Australia is a plateau frcmi 7,000 to 10,000 frset high, ivtiich 
may [x^sthly extend ucrniw the south jaih* to (.’mdsV Lund and 
(Ira ham a J.airii|, 

(3) Rosa Sea is prolmbly a giieat subsidence area. 

(6) 'The Beticpii sandstone formation, which extends for at !ea,«4 
1.100 miles from north to south m .Antarclica, contains mniferDiis 
IV nod as.‘^orial<'<.1 witli rtin! sea ms. It is probably of Piili*oxiiic age. 

(T) r.imi’^itotic.s pisolitic in pliicew, in 8.1'=' 25' 8,. and T.OOO feet 
iiImivc S5t‘a level, contain obscure casts of radiolnria. 

Radiolaria, in n fair i.-tate of preservation, occur in black cherts 
amongst the erratics at Cape Royds. Tin?}- appear to Iwlong to the 
fame formation as the limestone. These rudinlnriii appear to lie of 
older Paleozoic iige. 

(H) The siiecwssion of lavas at Erebus npiiears to have been find 
Inichytcs. then kenytes, then olivine basalts. Erebim w, however, 
i-till eniptiiig kctiylo. 

(0) Pent deposlLs, fortned of fiitigua, are now' fonnirig' on the 
laituims of ixime of the Antarctic glacial hikes near 77* timl 73“ S. 

(10) Raised lienchef of recent origin extend at Russ Island to a 
height <if lit ieasrt IfiO feet above sea level. 

1 he fossil in Rincon >!EmiJstone found by the southern party in 
latitude 85“ 8. is deserilied us follows hy Mr. E. J. Cimldard, B.' Sc., 
MiicJeay Rc.search Fellow of the Linnajan Society, Xew South Wales: 

IdOn^tmlliutl secLtons of the loclailed dark aumaos give r bomogeaeciiui iiatMie^i 
U|JiNairatice uf a ilistlairtty orgoalv iiutEire. I’fao taiai)i><i n|)(tt>Bniai 90 ts i)iie to lUe 
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vna^nlnr nfituru «f the orMiinic olcmf'niii (^mpostDiT th^ The whole stnic- 

mne retinllia to une'if mind tlit^ Et|lt^^t^^n{*e (tEtgii by lon^^lruitlniil ssectlmis isf the 
iLyloEu jjortlou of the reHculur urt^vL nf a gymiio^iif'rin, mugIj uh Pinujf^ c>iily the 
Jtylem itrem lis iviircBMitAl fcti tiie j^iiecriuGJi. jio tracscn of o>rtEcal. *ir 

phloem tSswue twJof i Mfible, MediiUary Tuyji are presetit, a» ahtiwti io iho 
mk’fopliotojff ni [^h. 

Tl]e jylom la fximposed of h hismogeueot£» mnsp of ve^^hc^ tructieldol hi 

ojitiire, no dlffori-iktEiitlou os I lie raisettlar Ijelrn: pr«wiif. In 

plfu'es one may readny make otit In lon^ltinlltial ^'tluns dark opnqTie Imnits of 
mheti jiEniiErr stse iDdIvIdually tlian tho tnicheldesL hi iiEl prehubllltyH. 

tTi?ri»i7etit rsstin lielongln^ lo the xylom. It wcmkl iJeonii, fi]rtber+ thnt 

th<?so JiiOAMea mlKht bo oonahlereii aa helni; □uthinf; more than hii nj^jsreiaitliip of 
maEcrfal -^Enillitr In nature to thiit of ibe walls, anil due to ebniii^ timhT the 
|iroc.-pKr4 of petrlfaeihim Tbla^ however. Is uf>|>OR 0 i! by I he fnti that they tK’eur 
In tlii'so nnuill neelloiiM fnirly erkiniiiuiily and Ot the Kiiue time nre nil of 
Locniily the liniiie pIxo ds fegnnJs width. At at] eventB^ they ropreBont mme 
dellnlte Hirucltire, ami In nil probability resin imasai^eew 
The wftlin of tl3e Ifacbeiden themsehes. seon under tbu hiKh (s>wer of the 
mlrroiieritie, niiiiear to be pitted; hut the tireserviitlen Ih by no means ytwitl 
f^noutrh t-j warrant any renuLi-ha on tblh, h'eyooil tloit In tho eomm-oii wnll of 
ndjiieiiit imehoJiles csxinr clear npuc&n of the name rein live Iniinrlance aw the 
pits of nncli a ^ These elear mihim occur fi'^ndiirly 

alon^: Hit* lentfth nf tho tnii-lieldes, and ^dand ant ftironijly a^^lnst the dnrk 
TOlor of I he wallH hi their |pr«wrved condition 
Tht* tinturo nf ihe lylem Itself k^ds to the eoiidtisluii thqt iMs n iKirtloP nf 
n (Q.uii]offjxniKjiiiit phinl, reBembllnis fitronglr |n nature ibe same tsirtlon of n 
conlfotvhUH rtliihh 


The iiM?tc«io]agitul oi>sen'«tions iak<?ii during miT stay in the 
Antarctic have yet to iftiidipd, mid only tentative conclusions have, 
HO far, iM-en reached. %sti‘innltr observations were taken during the 
voyages of thvJVimiMl tKftween Xeiv Zealand and ilucMnrdo .Sound, 
and ut Ujw Itoyd-i ohservatioiLH were reairded at intervals of two 
hours f,^,, \h,,th, ms, to February, lim During this periotl no 
leinpenitiire deBnilely reeordeil was —57' F. 
near A^ite Island on the Great k-e Barrier on August H. 190&. 

ZTTl mten^iing oWations of the iippe.^ cun^nts nf 
the mr at Ro^s Maud. Reporting on this subject. Professor David 
and Lieutenant Adams state; 

hau we IN* arrat coup uf ‘>">y 

we could mat off ib^ 

nit>vctcu.>au of dui rlouiln iH^aupiHr i »»'*'** *** lairtniycd try me 

atiMim eoluaiti la Ihe aicMiatnln fcaeir 'wi*i',r'i*nlsu luid lhi> tmignlJlcGtit 
,.xu.tly tUc oM il'""**’ ‘T ''W® ta side, 

over, ilorina violent tTuailiaiii like iJust of"j ^ '*"** hlfibor araiDSiibore. Mw- 

fOHo to an „uu«ie of over wJ,/ft 

«.«■„ II „mm«! h, .ZTi^TST f"'" 

nuptUwanl, «o thai lio wimoitt wpII within th/!!!.' “/ 
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n-eloD KrtH ilnKi^^T over power/tillj lowJinl thfl On injch occd^otiTi 

one upiialJy raw evIdeBcp of two blKli-li^nsl riimriitii, tlie oni' mmlng from 3 . 
noritierJy tKircflon. Uu under Umlt beioi: about lO.OCK) feet above floo lovely auJ 
tbe oUier^ ur middle eurreiit, from ri mmtlierEy f^uArler, usjufiMy liUnviup^ lovrurd 
tbe i=^R{-iii>TtlieaFr. bnviii]; its upper ItmU at 15,000 feet uotukiIIj', wlille 3is loiver 
JlEiitt wiiH between fi.OOO and T,QfW feet abovt bca level, VVblie tliese two cur- 
tenti^ were blowItiK stronply^ there would freqnentty Uo rt mirfnw current blow- 
UijT gently' from tlie iiorttL Thle would briiiir up very dense nnisees of cumuliia 
doud from off Ito^ Sen. The eimiuluB would drift up to the OjOOO or IjQOO f^t 
lev^c] fiD tJie north west slopes of Erebua, anii then the tops of the cumulus wtHi1>l 
Iw cut off hy the lower ed|;e of the uorthwjinl-IInvTlug mlddlo ourrout^ WIhjw 
of t!<wy cloud would ho BW'cpt oloug to tln^ i^fft-uorthonst. toni from the tups of 
rbese euuiuluB douds bj ibo nilddle curreiiit* C>ur ob^rvntt<iiL.s that 

^UTVn^ bnzKarJft the wLoJe utmos|jhefe fmni mm levtl up to At losipt fijcl 

moves iicfir Cu|» Itoyds from thnitbottsl. to uorthwiwt, nud tho of nwivemcjit 
Is frciiu -JO up to over 00 mll^ an hour. After nud durlug the blizzard the 
ndddio ulr curr^t, nortiMlly blowing ffara the- wcBt-aouthwefit, I 0 temtM>mrlly 
ntmllFlicd, belnjg absorbed hy the hiitrieusio oiitniFhlui^ nlr at ream of the wnutb- 
GtisE hdxzanL During ii bllminl tins ulr was ijenercilly slk ihlek wdh onow that 
we were luifiUle to ^ the toi» of Kr^me, At the end uf n bUxrnnl the ulr 
ctirrenl over Erebus bernme ouddculjr nwersfd, tiie Fierim eknul swinging round 
from the SLiuth Id tbe uarlh. After u time, followdiig on Ibe conelunluti of n 
bllzziirdi u Llgb-]evel currout was isk-u to be doatiiig eLo cirrus ckuuls tm>ui ttie 
Hnutheaui tow^ard the uorthwijst^ aud ihe steaui of Errlnts would stroiLm iKid 
towurd ih»‘ Ul^r(hweHt- We could mu lu-ixiuui fur tbls hJph-level souEbeaFtcrly 
lairrsiut. It Imih-pd like u r^verKit of tbe unual iipiier wiml. and It atipeurs to be 
[L fncE tioiiv to lueEt^irolu^loa L Science. 

Ill llijs iirticie 1 Lilli only indicHtc tho ?§ci<?ntilto of the ux- 

peditioTL os upnrt from the new gt^gruphical knowlod|^ soeiirtiJ. 
We w ere able to thn>w some iidditioiiEil H^dil on tiie problem pn^sent+Hi,! 
by Lhc Greiil lee Rurrier, The disappeoranee of HnlltMui Rigid show s 
clearly that the tweswiion noted since Hic days of Sir Janic.^ Ross eon- 
aiul suggests Ihnt very large ]n>rLic}iJs at the Barrier edgu im\y 
tiecffisioruiUy calve The trend of the moiintains disoovereil 

on the ^Hithern journey indicfitcK thut the Barrier 1 ?^ Imiinded by 
mountainK which run eastward along the eighty-sixtii paniUel. abpiit 
300 miles from the sen Cflgo. The greal glacier up w'hieh we marched 
to the polar plateau shows that the Barrier is fwl to some extent 
from the highlands of the interior. It would seenit however^ that in 
the main tbe Barrier is fomiecl of gujwrimposcd layers of snow, nnj 
some intcreiding oliscrvutions were secuired in this conned ion. We 
formed the opinion that at Cnpe itoyds the annual snow fall m ef|iial 
to about 9.5 inches of rain. ITte southern defxit party, in pfainiary. 
I909f found depot A, left by Captain Sci>tt m 1902 on the Rnrricr 
off Minna Bluff* A careful examinution showed that the depot Imd 
been moving bodily to the east-northeast at the rate of a little over 
500 yards a year, while tiicre had been an aoeumillation of about 13 
inebe^i of hard snow iibov^ the depot during each year. A deter- 
mijiition of the density of the snow showed that the snowfall on 
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tJiiit piirt of the Harrier hnd liccn eqtijil to about 7.5 indifis of min 
[jer year. If it is a&iiinie^J llmt tlie rate of aeciimulation of wlit] 
sno^v over the Harrier U Iti indies of wnsolidateJ snow per yeur, 
tlien it follows, since the Harrier extends soutli for about 300 miJps, 
piid is moving northward at the rate of about one-third of a mile 
per year, that a layer of snow deposited 300 miles inland will |» eov- 
en'd by a depth of 000 feet of antiw when it reaches the Harrier edge 
nine hundred years later. This theory suggests that the Barrier in 
an nccunnilation of snow rather than of gkcler ice, and wan snj,- 
ported by the evidence of bergs which were examined bv the exixdi- 
[iou. Tlie lypii'al antaretic berg is fonind of consolidated snow. 
Ihe tjnestion of what becomes of the from the inlaml glaciers 
remains mianswered. The Barrier is certainly afloat at its nurtliern 
edge, ami perliaiis the its?, weighwl down by Vnperiniposed snow, is 

(bowed awuy by fhe ^i ‘0 water. Some true irehergs are found in the 
Aiitartiiic. 

Tlie e^jiedilion made a special study of meteorological optics, and 
wane very iiiterestiiig ohEcrvations were made, and will tie dealt with 
tiy the acieiilific iiiemliers in the memoirs. The cmimis "eartli 
shadows " were oliscrved in a variety of forms. Some of them seemed 
clearly to have a ^c^lat^<lI] to the relalive positions of Motmt Erelius 
anil the sun, Other forms wen* not so easilv explaineil In tlie 
J^pi .Hg, when the stm was low in the northern ^kv, we sow above ns 
SIX ^rallel csirlh-shadow lieams,diix'cied from (he sim. 

The st^miitihc memoirs of the exMitbn will deal in detail with 
geology, hio%v, meteorology, magnetism, phyaitsi. chemistry, and 
mineralogy, tidw and currents, opliis, and other srienliiic EuhjerlH, 

o were a small parly, und of necessity a considerable part of ottr 
ime wasiK?ciipieil 111 the necessary routine dutic.. im-idental to ilaily 

he 'v T "II tli-J ground (aiasible in 

1°* 'T"- "“f *rie»tilio r,cor* .L ™ncliniLs 

1 he last stage of the expedition was a sc^arch by the A'imrmI for 

IT Thff'xistence of which is doiiht- 
fiil. Tin fillip sailed over Hie positiotis assigned tn the Hoval Oom 

pauy Island, Lmera d Maud, the Ximrrnl Iskiids, mid lirngL-rty 
Talaiidfi. without having sighted land, 
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TIIK OCKANfHiKAPIlY OF THE .SEA OF rtREEXLAND/ 

I Will] if pijiSit*,! 

(A nf mm^i* itiirbiit! Xh€- of tUi* HrijfU'a, 

III 3905. > 


By IK Damah, 


In inO'i tilt? Due J'Orlejiiis undertook wliat bow pnivrel to bo a 
fortiiinito CFiiiHO to Spity.bvr^^n und northeast Greeidariil upon the * 

eonniiaiided by M, A- ih Oerluche. The ocoimogTiiphio 
fjbserviif iuiLS iiuifle daring the emm hy the cmunnindaiit nnd AL Kf]e- 
futtl, ’working in ronrB^i-tiun with the XnTwrgijin Bureau of Fish¬ 
eries', form a vnJmible eonlribution to our si ill vQiy imprrfe^^t knowl- 
tnlge of the wean comprised lietwern thoise two great prdar loiids. 

The region explored hy the I^el^ica in lIMA'i i^nstitiites a Hpwial 
hiisin IIIII! luei tLH llie Jiajue Seu «f Oreenland^ which has ret^entiy 
lieen given to it. It is situiited hetween ^pilzbergen and Bear 
Islunil on the east and (ireenlaiid on the ’n^est, To the south it 
opeTis out into the Sea of Norway a little below 70^ north latitude; 
its nuwieiioini] liinit is therefore the least well defined. Tlie ancient 
Vfdcriino thm-NIayeii, which raises itself iietween Greenland and Nor¬ 
way, alone iiidicati^ the conventional limit of the basin. The gen¬ 
eral form of the Sea of tireenhind is plainly triaiignlnr. JfeaHureil 
along tlie seventy-lirst parallel of north latitude its assoiiied base h 
more tlmn 78U manne miles in length- Its borders on the east and 
converge toward the north- 

This fonn is i*eveiiled lietter if one considers the relief of the 
oL-eanie hastn (fig. I). 0|i|x>site Spitzbergem and particnlarly op- 
[x>site GriTiilaiid] there extends a large coulmeutal pljiiform. If we 
set the is^ohar of l/iOn meters as the lindt of the base of thifi croahtul 
platform it will k- seen that the ceiitnd lio^s a iimximutu depth, 
lim far as knowi^ of ^ijChiO meten^ and constitutes a special ilepren- 
sion separated from the analogous biisin of the Sea of Xorw’iij by 
the low divide which carries the island of Jan-NlByeii and whicli 
unites eastern Greenland with Hear Isluiid. 

^Tni 11*141 It'll hy iM riuiMsInn frein Tji Paring vul. 19, St*. 0, Jaue 

Ifiip llKiti. 


r 
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The apes of the triangle unites the Sea of Greeiilan J with the polar 

b«sin. 

This region eotnprisca between Orccnlaiid and Spit^tbergen ronsti- 
tutEw the onllct of the ice from the polar hasin, and at the same 
time affords a passage toward the north of the farthermost branch 
of the Gulf Stream. This Atlantic ouiTciit, whicli wamm the western 
eon Hi of Spitsbergen, passes around the northwest angle of this 
archipelago and loses itself in the Arctic basin, as Nansen has deiiiod- 
stratoi. The oceanogrnpliic regime of the basin tlepcnds then, first 
of all, on llie topographic conditioan existing in the northern jmrt 
of the Sea f.f flreenlataL This regi«,n is in genenil blot'ked bv ice. 
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same density it beoanee they can not admi.^ freely* It ftillowa, tlion, 
that there e,\ist5 a barrier preventing the free circulauoii bet^veen the 
profound depths of the two oceanic basins. 

The possibility of establishing a aimilor hypothesis rests upon the 
extreme exactitude of modern oceiinop:rjiphic research. Thanks to an 
exceptionally perfect outfit, to which Nansen himself greatly con¬ 
tributed^ it is po^a^ible to determine the tern per at lire and tlie density 
of waters at all doptlis witli a precision ijn|jossib!e ten years ago* On 
bnard I be tbe temperatures were measured witli the aid of 

Kiebter’s thermometers to within an iippriixiumtion of 0*09 of a de¬ 
gree Ill numerous instances two thermoiueter^ were cmiihiycd 
simultaneously* und in more than Tr> per cent of tlie cases tbe differ¬ 
ence bt^tw ecu the two readingSH, after a correction varying for each in- 
strnmcnl^ was less than O.ftl of a degree. The salinity has been de¬ 
termined by titration t^f ihi’i chlorine down to nearly O.Oi! per ccrit,^ 
For watcrH frc.iiii the profniind depths the method has been coni ml led 
by hydrtistatic pressure. After this manner the density couhl W 
I'Hlculatetl for all the depths as fur as the fifth decimal (jIucc* A 
dilTercnce apparently so slight as that admitted by Nansen, 1,09890 
against 1.02811^ is I ben an amirate indication of tlie composition imd 
origin of the bodies of wat^r. 

Accepting the fact that, the soul beast part of the GretuihuHl Sea is 
well exploivdt the problems wdiiidi presented themselves lo the ex- 
pwlition were llu'se: 

First, To begin iit the nctrthcast angle af WpJtxbei'gen and i^oursc 
tc^wuu'd rlie northwest in order to cut acrotw the liypothctical In4i*ricr of 
Nansen by a line of sutmding^ 

Second* 1V> come back as far ait possible into the midst of the ice of 
the polar current. 

Third* To reach t ho coast of Greenland in order to make* as nearly 
possible, n cross section of the bofly of water which cc^vers the 
coni I nc nt fi 1 plot form. 

The labors relative to the expe^lition are now finished and will ap¬ 
pear sliortly. They constitute an important volume of more than 
r>m pages, accompaniecl by ^=^0 plates, maps, and diagrams^ comprb- 
ing the following memail^: 

Sacctact accoant the voyseeand etimctB of the Itinerary by X. de tilerlaclic, 

Itricf^rotufflf: 3?:ynoi>l1ie nmirfi pf ihc weatlier for iaiy and AaKUdt, by 
SL l>an J-ft C4nir, 

Otctnirif: Nubian riac aedliacntR cDllected in the Greenlancl by M (>, R, 

Brttany: PluniB <?oUectetl on the TJortlbMi't coassi of GreeiiTatid. hy IJ, 
Oateofcld. ‘ 


■^TbSa tnetliod hoB lioen the objecr of jidverse rrirEcIsai in Fmn^-e. Hellabd 
nntiaeii and LCra^fiKMi 4{iie^(on H this metbi^l will f»ermlt a Bud^olnitly preolse 
detenntftfitloft. 
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Ot'ctutfiffiitphv and Ufomv: Jounml utationa, hj' :ilM, H. Broch. A. de 
UorliiL’bi*, D. Ilellflnd-SanKCD, and K, rCitcfovd. 

ItVdivgraphtf, bir B. ncllaed-HnniiK?ii ami EL Kiiefiwtl. 

i'fanfcfort of Uio Sea of Greenland, b>- ^^5I. D. Dnunti auil H Kocfoetl, wItJi 
iii>len upon Rndlolnrlo, by SI. E. Jargoiutun. 

Ih'itum, by 3L G UanlHub. 

Fi»hr», by 31. R Koefbed. 

Iieep-waier invurtcbrntcn, by J, OrScs. 

Il will <laiiblles8 be of iotonsit to review briefly the rr^talts obtained. 
We i-hnll attempt this ^vhile linittiii^ ourselves to the iiii|M>rta]it 
P^S*^**pbica] problems tiuiV the eNpedliion hud prop^jsed to j?(dvt*. 
Ti\e omit, then, reference to a grent part of the EiM)logienI material 
(Millected, iiotHbly that obtained in tiie course of the dredging caiTJOi) 
on near Spitsbergen and in the ofliiigof the east coast of fircenlund: 
also tlic hotunh^l and tneleorologicul restilts of the expedition. 

Let ns review briefly (ha route of tlie expedition. This is showii in 
flgiire 1;, the route of tiic lieiffka is imlicated by the principu! ohser* 
vat ion ^fltioijs, omitting the “ diverse routes ” inevitable in a voyage 
triiversing the ice Helds. .\ fter some jireliiiiinary stations near SpitK- 
bergen, tho fielffica sailed on July 7. 1005, from the Isle of Amster¬ 
dam, and bore first toward liic northwest The mute Iwiiigohstnirtej 
hr pack ice, the course was srtctn lunied! back toward the south. In 
to doing one of the principal purposes of tfie expedition ivua lost. 
It remained then to push as fur ns fjosaible toward fircenhind. One 
<im see by the eotipse on the churl that at different titm-s the 
pushed toward the west, hut each time the ]iolar ice, thick and com¬ 
pact, liarred the way. The navigation was relatively easy in the 
deeper vvaters, but wlicn the lieiffka arrived nctir the luigc of the 
continental platfonn of (Jtxa nland the ice presented im imptmetrable 

’"T' f nccmnplisherl almost entiielv to the 

v.esl of a (i^nwich, is neve, iheiejss of great interest, ft vv^as made 
iippm-iabiy farther to the north and to the west tliitii all previous 

value in that in one 

Lte^ ‘•’C'the ford of the continental talus (soundings l.liJS 

latitude about TR^ north, (he Bdkfkn 
whLr^KLl" her way through the ice. thick and confused. 

Thl c^ <longernus fiekl.. 

more thun”o®” P<>lnr current inude m the course of this cruise was 

“ nonh of all those tliat hud preceded it. In promrtmn 
nnd measure as the depth diminished toward tho *oasl the ke becir 

"f t1-e nanWli Sfartoc j.ua 
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attemptfxl Ei^jtin to cross the polftr current. Hie expedStion was then 
nil (he Jntitudo vvliere the soimdiiifr of 1,425 meters metitioinKl ifcliove 
wna aecoiuplished. 

This nciv effort seemed destined to succeed. 11 hroiiftrht mi in¬ 
teresting first. re^TiIt; the discovery of a bank aitnated off Grecubnd 
(at it depth of f^S to lOO meters) ^rhieh was later designated as the 
Biink of the Belgim. nnd in the renter of which, according to Com- 
nmnder cle Gerineliej there perhaps rises an island. By this it was 
establishefi that here the (Treenlancl continent ill platform is enor¬ 
mously extended, and if one follows ntHm our chart the line of itn* 
1,500-meter contour which marks the base of this platform, he sees 
(hat it CAtendK in a much more northeasterly direction—that iu 
tJie diix^-tkm of Spitjcbergt'n—than does the coast of nr^ohind. Ir 
is very prubafile tliat this Is (hr first apjxhtirance of the relief which 
Xansrn Kupposed to 

The crosj^iiig of the [Kjlar ciimeiUs having lieen agiiin rendered im- 
[jossihle hy the nhutulaiice of ice* and the ia:^usofj Ijciiig iidvjinwd, 
i^ommandcr de Iferfache iwdved to turn southwards Laying his 
coiii^ betw-etn the land ice nnd the polar currents, the Betf^lra 
worked out of the ice iind traversed again^ aiul not without difficulty^ 
llie pednr current at the meridional limit of the Grec^nlanil ftea. 
As is this voyiigr of the /idffkfi lay whtdly In llie tiodliwest of 
all pr<rviotis exjiiMlUionN, There may thus l» formeil a iuopb com¬ 
plete idea of the depths and the bytlrographir i‘egime of (he Sea of 
(inTuhinch This problem had already hcpn touched upon, and jair- 
lirularly by Xaruien. In his memoir entitlcHi Northern Waters'’ 
he had shown the r(sailts of the studies of id I the material collected 
lip to liffl5 concerning the (freenland Sea, and parhcidurly tlte 
suits of the exaniinatinn of the uiatcrial that Amtuidseu hud iiroughl 
together during (he trial %'oyage of the Gjoa. It was cspmally 
fiTJin a study of ihrisc materiiilH that Xanstm has been iiniught to 
ndmit the existence of the Spitzl>orgen-fireenland relief. 

It is therefore of great intcrin^t to coioddcr the oWrealions nf the 
as a check, contirmalniw' or othenvise, of the theories and 
coiichisions of Nansen. It is the lies! proof of their correctness. 

Wlmi, before all else^ rharncteriKes the Sea of Greenland is the 
prtsence gf n sheet of surface ice in its western part. In winter this 
sheet is extended toward the east and covers the larger part of the 
oceiinop-iiphic region* This extension ia due to the freezing of the 
water in situ; the ice thus formed is composed of horizontal layers 
and never altaina a great thickness. It remains where formed; lhat 
is to say, in the midst of the Gr(*enland Ocean, until the beginning of 
summer, when it begins to melt. Its eastern margin progressively 
and irregularly retreats toward the west. This i<xi, born as it were 
in the Sea of Greenland, is designated under the mime of bny ice. 


3^4 anjnuatj repout RMiTiisoxiAif iJfSTrruTioit, 1009 . 


It M of jin entirely different nature from the polar ice trhlcli is met 
with in the offing of east Greenland* This is formed 0 # lamina? 
much thicker, more compresi^il, and contorted, and originate*’! near 
the Pole. TMiile the ba^v ice, relatively stagnant, forms and disap* 
pears in the Greenlundic Ocean, the polar ice is carried along by a 
t'cidstoni It results thnt tlit rBjfion of the ico is roln- 

tivdy while tlmt af the polur ice eonstittite n dungeroTJs 

burriiT, During thi^ greiiter purt of the vfiyoge the ffdffica pene- 



iet. Fiti/tfj 
•S'OArf pO'S^’/tic. 

ri-f* 2.^M.p tbowlnf tue airtrjl*,f|„n of |„ (Jr«>flt4ad 

lti JqIj, ifHJG. 


tnited as far as 
possible into the 
pnek ice (Ijan- 
qiiise) so thjjt it 
hnd polar ice on 
the starboard and 
li^iy ice on the hir- 
Isoiird side. The 
twice 
crosHt'J the polar 
ice^ Aiid cud I lime 
with the greuteat 
diflicuky, 1'! ranks 
to II coinfuiiatioii 
of happy circum- 
s^taneesL it was en¬ 
abled to reach the 
c^>a^4t of Green¬ 
land, 

On the other dde 
of llic ^ciiir of 
polar ice the fh-t- 
ffira found the 
land Ice formed in 
winter in the (lords 
and the iieiglibor- 
hood of the Grecii- 
ianrt coast* Even 


I'^iiliu^ ^Ji^iplwnTs. It rpmains in the ncighbarlmoa of th 
dui> areordi^'i tnovementa manifested ar 

“ml Thanks to the 
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Bay \c^ in Greenland Sc a. 

(Ppntn p1jQt<igtNpi|hi hy a^loT ^ ^‘■tn lrr.j 
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Eoae or Land icEh West of Ghecnland. 
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and those of Jfonv’egian sealers, it hns become possible to construct 
for the summer of 1905 very complete maps showing the oondUioD 
of the ice in the Greenland Sea. As on illiistration we give here 
the maps for the months of July and August (figs. 3 and 3). 'Fliey 
enable ns to determine some of the chief laws of ice distribution. 
The land ice is uttacUed on the west to the Greenland coast. Its 
exterior limit» e.\ceed but little the shallow depths of the conti- 
II (Ml t n I pIutejiiL 
Ttl(^ iJmit 

of lh(! liolur ic(Scor- 
re-spurids r a t lif 
closely with the 
isobar of 1,500 me¬ 
ters which murkht 
the hftse of the ctm- 
t incut eil tnlir^ ^lope; 
that is to my^ the 
field which it 
covers is enor¬ 
mously expimder] 
toward the nortJi 
and gradually luir- 
rows to the south 
imtiLat the height 
of the second cross¬ 
ing of the 
Hie zone hjts 
saircel\% iuMTjrditig 
to oljserviitiun^ of 
Va til III a n der do 
(icrlnclic, Hn extent 
of nioi'e thun 2 or 
ti kilometers. "I'ho 
distribution of tiro 
polar ice on the 
Hurfocc is, then, closely relatetl to the topography of the ocean ladlom. 

The bay ice covers a surface varying with the iicaaon. It occupies 
in fiiuicral the wiilral or region of most jirofound deptli of the Gi'tspji* 
oniaru&iive retreat in sunimer ts irregular. In gen- 
imniedktely tn the wiith of .fan Mityen than 
..„riii. riiere rosiilts from this the format ion of n 
gulf suflicicmly conirtont to merit the name of Gtilf of Bay Ice, 
which the ^^>^wcgiun hunters have given it. It is through pene- 






Kio. i^.—Mip ptinwJtiB tie aip| rllFutlnn nf Icm In CjlrMtalaEid 
in AuEiut^ lOOS. 


^5740^—sw 1IK»™2S 
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tmtiog into this gulf tlnit tbo lielgica was able to rouch the Green- 
land coast. 

Thus, as Xan:^en has tlescribed, and ns also sho^ in the extracts 
of the journals of the Norwegian sealers published by IVullebaeck 
in a memoir by lljort and Knipowiteb, the regiotis of tlie bay ice— 
that is, the central region of the Greenland Sea—is the region sought 
out in the spring by the seals (Pkoca grvenJandica) ns a breeding 
place, that find there an ice of slight thickness, always quiet, and 





3dlini^ 

, 34 - 3^0 


4.—Ttntfe^mt sre and flallslt^ nf current uff wmt «ia«t tjf-nrtjtrt 144, 


little frequented by the wliite bears, all conditions such as can not 
lie found either on the polar ice or near the ooBst. The sealers con¬ 
cern themselves in their hunts mainly in the Gulf of Bay Ice, which 
they have learned to know very well. 

As has been seen, the Ice of the ctoitra! part of the Soa of Greenland 

different from that of the polar enr- 
reii^, ^iH curious distribniion of the various kinds of ice is ex- 

bS t oe-eanographic materials 

brought b»ck by the expedition of the Due d'Orleans. 


IS 
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To the east is found a region always free of ice. It is kept opan 
by the Atlantic current. This, in flowing between the Shetland and 
Faroe bbnds, carries water of a salinity in the ncigliborltood of 35.3 
parts in J,OCO or more, and of a icniperatiiiTo of about T*. At the 
latitude of Spibbergen its temperflture has fallen to 5° and ctcu to 
2% and its salinity b lowered as a result of its eotniuingliitg with tho 
continental waters. In the cut (lig. ft), whicli extends from the cen¬ 
ter of the Sea of Greenland to the south of Bear Island, we see tlio 
waters of a salintfy upward of 3ft parts in 1,000 thrown against the 



Fin. 5. flpd tilluitj of water of dmiitliDj Stf-A md poiitll of lUmr ItdfiNd. 

rontinwitaj tiiluH by the enriVs ^Ution. Thi^ir dcprli in ilic Bgur& 
is itlwii “flOO niefeivv ^ TIil* AVtIniiric truritajt runs it tong the west 
of Spiizbt^rgCTij and in figure h wc seo thcr s&ino watoRs at Ih# moincnt 
of In^ijig lliRnisclvcs iij the fwlat" cuirefit^ havo tln^ti a trniperil- 

tuti^ of a 1x11 it 3 * 5 ®* Opposite Spitzbergien tlio current divides, one 
portjiJii going towaid the wosL Tliis is diowii in figure tl under tho 
form of a tongini of water of a positive temperature, whicli is inter- 
calateil betwtM-n the surface water and that of the depths, the last 
having a negative temperature. 
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Along the coabl of Greenlttiid tlie criirreut carrying wUli it 

tlie alii polfhf iec nolofl a1x>v«^ bui tbe nmsses of water which oomo 
frtun tlio north toward ih^ jsouithvfest arc not liTnitrd to the surface* 
They have a coiuikkrable depth and n great complexity, which we will 
now consider 4). llic vertical distribution of the terniicniliirest 
ifi especially elianioterijdic\ In sununer the ice floats in a water of 
variable ternptTatiire* mot^Uy lieloiv 0®, but never goiii|2f lower ihun 
—J®. Fmin the surface as far as the dej)th of about lOU inetei-j^ iho 
teaipc-nitiin? decreases progressively* At this depth is fniind a 
ntjcletis* of very low teinperature (as low as —LS®) which reprcsiaita 
the center of ilie polcir ennent* Th^yond this the lenifwiralnre rises 
pr^igrcbsivoly. and lastweeii 200 and 400 motors is found a mnximum 
of about +1.2"* It U only below 800 meters that they liave cil>scrvcd 
again a negative temijeniture which is dmracteristic of ihe deep 
water* This rcmarkalde sliKtribiititm of Lemperstin\!! is ex]daiiii-d 
verj' clearly hy IleLlaiid-lIanseiit who agrees iu all points with 
Nansen* The ice carried by the polar current fonm; in tlie [xnlar 
basin* mitbily during winter, when the water lioa a tninimnin tein- 
pt^ratim^ of —1®* In suniuier the ico mclhs and the water warms up 
slowly. Thb wanning makes iisc^lf felt only iil the surface. The 
cold temperaturfl of mnier Lh maintaincHl in the gi^at ilepihs; it is 
this remisEint of the polar whiter that is found between ±Q and 150 
nieterfi under the iee. 

Ttie region of the maximiim intermediate tcmpejrfltnre is more 
n-itnarkable. Tiie waters wiiero it occurs Iiave a reiaLivel}" high 
salinity parts to 1,000)* By this they show' iin evident i^la- 

tion^hip with those of the Atlantic curretit. In fjict, (hese ure the 
Iasi tracts of the Gulf Stream* which, when it encounters the [lolHr 
current, hecomi^ by r^^ason of the ileiisity of its watei-s, iiiten.'abied 
between thest* and the watci's of tho great deptlis- tind then 
here the waters of the returning Gulf Streum. Wlietlier or not tliey 
have made a complete nr a partial tour of the |adar liafiiti, they were 
turned aside toward the west at the latitude oj SjjitKhergeti^ as shown 
in figure 0. 

We liave stntcfl that the Gulf Stream is held against the conii- 
Jieutal platform of Spil^slicrgen by thii rohiti<m of tlie lartb* Tlio 
[Kihir cnrmit, some HOC meierbi in depth, b likewise held against that 
of GrcH^iilstid; nccordiug to the otftiH'vat ions of the I^el/iku its outer 
limit coriTO[>ontb lo the isohar of meters, that is to say* it is 

very broad nod quiet in the norUi^ while it coutmets and gets much 
swifter at the soutlu 

These Atlantic ami ptJar w'atcrs overlie tlu* waters of llie giv?at 
depths* the mass of wbicli filb all the basins and by far surpasses in 
vahtnie the superficial wiitet^!. 11ie Eh^p-seated w'atcrs have a teiii- 
jieratnro of — 1® lu —1.4olid a salinity betAveen eld and 35 parts i^er 
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1,000. They Are tlien at tile ^me tinoie vi^rj cold nnd relatively s&lL 
It diould be noted also that their (Jenaitj is 1.0*2811. These watera 
am not then be polar watera, properly calied* 

According to Nanaen and Helland-HonserK they owe their orlgiti 
to the progressive cooling of the intermediaiy bed (of Atlantic 
origsin thercft>re salt). In winler, in the central part of the (irccn- 
land Sea and di,iring the fortnation of the hay lee* the wnter bemmea 
tooJe^i at the surface to the freezing point (—1* to —1.8^)* At this 
point it tjecomes wore and wore dense, sinks into the depths and 
the l>ottom water ("M'eau de fond’^). At the time of the 
Jiielting of the ice in fftinimer the surface waters are slowly warmed 
lip and there ia funned at 
Qic same time a otiperficial 
layer of water only slightly 
wait, which impedes tho 
penetration of heat into the 
depths. In the center of 
the Sea of Greenlyntl there 
is foiiiid^ even in summer, u 
great unifonuity in the dis- 
irilnition of tcinpeinturea, 

'J'his is made ven^ clear in 
hgure^ 4 and Tlic for¬ 
mation of the bottom water 
in the central region of the 
Greenland Sea is then in 
close relation with that of 
the hay ice. This could not 
freeze in situ unless the 
total Ixidy of tin? sea water 
had ft low tcniijejaittire* 

The extension of the polar 
ice is likewis^e in relation 
with that of the polar cur* 
rent, and it is evident tliiit tlie tojx^apliy of the depths exercises a 
pre|K>nderating intliic!]ei> m much upon the ice us upon the bo^ly of 
water which curries it. 



Fiu. TprajKraturf MUnlly ef the Al3*n- 
IJC i:iirrBTat off 


Thu polar eun-pnt which tiinia towaril thoeoulli alon" tliu ivefrtcm 
boi\]«r of thu Sea of Crruerihiiid, ami thu fiulf Strmm, wliicli Hows 
towaril the norlU nloii^ itst eiiaterji tiiurgin, enui^ the formation of 
a cyclonic sjBtem pecullap to this basin, the center of which lies In 
the rupon of the hay ice nlwvc the great ilepths. This movenieiu, 
eyehmii- in the periphery, brings ahout an ast^ension of the water of 
the ilepths in the t'entrul ragioas, ami the forumtiou of the bay 
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ill winter is tJins accoimted for. It b on this account that the 
Sea of Groeniand appears to ua Hs a special oceanoj^uphic basin. 

The Stai of Greetilarid ootumunicates fiwly with that of Nonvav 
on Uie south. Tlieir iiydrographic regime is alat identical. Com¬ 
parison of the results of tlie livlgita with those supplied by the 
expedition of the Fram bring cut, on the other hand^ some valiinble 
Kuggestioiis as lo the relations existing between this sea and tlie 
polur basin. These an? illustrated by the following table, where are 
summed up hrielly the hydrographic conditions in three tlilferent 
localities: {!) In the polar sea, acconliug to Xausen; (2) in the 
pohir current to the east of Greenland, aeconling to the Htlyiea} 
(3) in the renter of the Oreenlnnd t?ea, uccoidiug to tlie observotious 
ol Aniundifcn, as published by ffunsen. 


SEA op OEElSJaLAND. 


I 


TrM3|lrmCun.-. 

BaUatty,, 




TnniimttFTTx.^ 

.... 


Ti-JBjwfiinrp,,,* 


Tfoi|WTi[nw_. 

Sfl4Jn-lty 


Polvr HA, bvanllof fcg 
NAoies; Fmm, 


1 + fittprrflt-Ihl palnr bfrii <ct 
[fiSDlif VhDl£i£fV]U 

tiunmuiclu-,« ^ ^ 

Hfkw 

m E«33 pwUi In ijm... ..... 

i t^oJd puh\f Im4a iinm m 
iQiCOiBtim}. 


IflniitinraH 4own Id — . . 

UIab t4 pam lb IjddOL,. 


>. d&OlciJ AElimitle bt^. 

A, CfnIfAl aurlfelu iLrWfi to 
4CQ isvtH^ 

MtuitHEtTn, irp I* + l.r ^ . 
Tn lb« Drict^lHrhf^ i>f b 
iHinj La IJHU, 

b. Tnitt^iion^l bfi4A fdowti 
io bDD nirljcnijL 

AtKPT.Ti(r„ . 

i. IkilEwi:) (frooi K)0 

nwti^ tg L«tbHii>, 

Pwen -oj* t* 

A bourn 1 fwtj In 1 _ 

i.flasts.. . 

A. Witdr of drlaLba w*rittrHl 
bycmiAct w\Ui boltom. 


Polar rufmatp Jinunlliw 
Hrllu^-UA4iKn«jiiJ Kdis 


1. BapiirllirlAl po^lfLf bnji {A 
lo aj er 30 mfrtmi), 
Ccnnpu’E; huEiaioocliB.,,,,^, 
Bffbw 

aitoa^iwuin 
7. Cold iMiOjir b«jfl (bnoi 30 
to IfO raelmj. 


lilnSnitimr te — 

1™ Uiua 3* pmn In 1^.. 


X CJiL13i!!d A llanlJ? b&ix.... . 
A C>jiml nnoIrM down ^ 
inoCm. 

IfulDitiJiTp up (Q +1.3*..,.. 
In Lbi nclicbboTlatxpd gl 35 
pmnia 

b. TmntiiJjifuJ tfil#. (do»n 
I n SOD mHuaiJi 

Abgvf (P, .. 

I. Ikiitatn walfT (trehm hi? 

iDHtTfi In lioElnuii, 

Pfximir tu 

L«i tJmai 35|wrtfl Ln 

itiaii.....^, . 

A Wnt tr gf deptivi 

warwfil by TOBtaul with 
boiigfH, 


Gfnlrij foxton, 
lo NnoHn Inijii gbaw^'i^ 
Lkoi ol AnmndMiL: Cjow* 


1. aitprrcldol b^ {d m A 
CH-30 Uelrnj. 

Thin tiMj 
VArfutlc Lifammn'. 

ZiM imrtf! hi t .OQQ, fthwiL 

£* W It t e r ol protiiHqd 
dcpihi. rn>nittHiiiiptiai 
III tbe Moji^ in whiitf, 
altotalnxA ¥iuillbi« kTfi 

In Bumingf. 

In Uw nrUhtwboirf of JO 
piLrld XU 1^ Ihilkdtj!- 
ijddaiil. 


A, ^I^Alrr af dpftUii 
wanned by potiUrl ^llb 
bolEiHn. 


As^may seen, there is an absolute identity Mween the oreano- 
graphtc regime in tlie two principal regiiijis down to a deplli of 4S0t> 
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motors. On the other hand, there is an iLb<m]iitc differeiice het^vtH'n 
the cent ml wntors imd those of tlic polar current in the frreenhind 
Sen, 'i'iiis fact is evidently expJnined Ijy tlie cirounistgtncv llmt 
down to 800 meters the s^ijterUcial wuters of the iioliir hiiEUi ciin Ihnv 
out freely. '1 he deep-lying wnters. ns hns iteeii previtnisly stnteti 
hy Ximseii and as ronfiniied by the li^iffica, are different*, ii fan 
which can l«^ explained only by the e-tistence of n subinnriiic relief 
iiniliiig Spilstlwrgcn and Greenland, To the explanation irivoked 
tiy Xansen in favor of this hypothesis Is added then the fact aHcer- 
tained by the Heh/ica of the identity of the superficial waters, a nil 
one must siij^pCkSe that this relief rises to within nearly 800 meters 
of the surface. 

It is to be noted that this conclnsion rests upon the estrcjiie e,\- 
Hcditiide to which the hydrograjihic ul)s(!r vat ions of the expeilition 
’I'crx' carried. Jlodcrn oceutiograpliy has a second JuuthtKl for dc- 
tvniilning the %uiics of inlhtcnce of iinirluc occurrence. It ctmsists 
of ii study of llie elistrihutlori (d orgiuilstus which api>eiir passively 
under their uilhienoe. The knowledge of the plankton hwfi hecome 
in the Inst years the necessary eornplenient uf all ocejuiogrii phic ra- 
sejirch, This point of view was nm neglected cluring the aimj>nlgii 
of 1905 of the /{elgica. The naturalist of the Jjarty, M, E. Kfwfoefl, 
had employed the best iiif=lriitncnt.s for jXfhigic fisliing, and obtained 
the first truly representgitive adJeclion of the flojiting fgiuiga of 
the polar ciiriTeiit, It had the luoro value since it compristHl not 
only the catchi?s made hoi'iiM>iitally by the aitl of Instrumcnta ggf 
large sine dragged tit vgitioim level,*;, but tilso an iin[>oi'tant number 
uf eatches uiade by the aid of tin e.xcellent closing net invented bv 
NaUfxm. It lells^ ns as a result very exactly the eompfisitioti of 
[ilanktoii in the Hen of Greenland and ctmeeruing tin* horizontgil and 
vert teal range of the principgil pidagie urganisms. 

liiit before utilizing tlie zoological fuctii thus olitotned, for geo- 
gruphto stiidy.^ it is important to detertnine in what proportion 
the divers sjj^lcs are infiLeitced by marine curranta In this short 
i^sume we will limit ourselves to describing some of the conclusion.? 
of general interest to which tJie study of the mguerials colloctetl by 
the /Jflff-ica has conducted us. It wdll appear with a sullicicnt 
amonnt of evidence tliat the use of the plankton aa an ijuligaition of 
the marine currents should be made with cxireine care. It is known 
that various species of aninuils, brlonging to very tilverse grnujia 
(engstaeeaus, worms, cteriophores, i.'Oelcuterutes), have lieen con¬ 
sidered as characteristic of polar waters, and the conclusion is 
reached that their appearance in the Icgwer latitude is indicative of 
the existence of waters coming from arctic regions. We are, never¬ 
theless. able to state, thanks to the pelagic catches of the fhh/k'o, 
that the composition of the plankton m the Sea of Ui'cetihind was 
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oxtiuindy imiformj and that it piescnkd th^greatt^st anplogiei? with 
that uf the Sea of Norway, A great nuiniwr of s]]>eciGS coiLiiilered ii.s 
ehanicteristie of nretie waters* are found equally in the waters of 
Adaotjc origin wliieh How toward SpitJEbergen. It h understood, 
moreover, tliat the slight variations in the salinity and tempeintiin^s 
whiLfi are ot^wrved in this latitude ure nrjt sufficient to produce any 
es::entia] modification in the composition of the tloating fuursn* 

Now^ if we compare the pelagic fauna of the polar Imsin, as far 
as it is now known to us. with that of the Rea of Giwnlaiid, such 
AS the catches of (Jie Belffira allow us, and that of tlie Norwegian Sea 
explored actively during tJiese last veal's b}^ the Norwegian steamer 
Stirx^ arid finaily with that of tlie Allnntlc, there would 
appear consjdcimimly a general law of t!ie distribution of the pelagic 
organisms- The superficial and intermediate fauna of the Sea of 
td'eenland offers the greatest resemblance Uj that of the average 
depths of the Sea of Norway^ A consitlerablc number of species 
of the ice rogion!i are found in the Atiautkv bat only at ennaidarable 
depth. Some: are found e\*en in the Tropics^ showing thus the cos- 
mopolitan character of the plankton,, Imt liere they exist only at 
gretit depth. In other words, many of the organisnis of the Sea 
of Green hind are abundant lieyond the arctic ivaters properly called, 
S<ime are even imivei'sally distribntc[l, hut tlie level which they seek 
is propoEfionaHy as much more; i-emote fmiii the surface m the lati¬ 
tude is. lower* Rome foims m-e even know^n in the I’icinity of IkjiIl 
poles and fr«:|qent the neighborhood of the surface^ in tbe midst of 
the ice of E:lie Aritarctic+ as well ns in llie latitude of (treeidiinil and 
RpitzlAtrgen. They can lie trjtee<l fi>r a greater or It‘,ss ilistanre in 
the TamjTcnite Zfjne to ileptlis more or le^ss pnifound, while they lo>:c 
themselves in the aby.'^^sef? of the Tropii;^, 

At the >^Jiie time that the orgaiiisitis retreiit progi'es^ively into 
the basins of the ocean they leave the shores. Ti results tliat the 
fwiiiio form can frequent the littoral portions in the north and can, 
ns a consiefiuence, Rcrvc to cliaructcrijw t!ie coast water, wldle it ex¬ 
ists in the south only broader and liocorne^ thus mi excellent indi¬ 
cator of oceanic waters. 

One sees, then* that the distribution of these pelagic organisms 
can teach us southing on the subject of the action of nutrine currents. 
Kie existence in the depths of the basin of Skagerak of organisnis 
which nra habitually knowm in arctic latitudes i^ not ducr as si>me 
(t leio and Aiirivillitis| have fluted, to the direct effect of traosixirt 
by [xjlar currenlx. It iij explained by an entirely different law- The 
pmgTexHive retreat from the surface is occasiimied by the more in- 
letsst' action of solar rays- 

T!iiw ixjiiuple HiifTnHJS to show Hint ]>rofoiind biologic study of 
slwitei oiigbl nwessiiiily to |>reciHlc its geugmplito [UilizatioB, a 
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concliiRioii to wliicti all tho^ have been ktl who have hiudied the 
terreslriiil zooloffieal geography. The action uf the enmnt^ of the 
Sea of GreenlanJ reveals itself only in tiie dLstribution of the three 
following groups of pelagic orgaaiHm.Si 

First. The specieii which do not breed in the Sea of Greenland^ biii 
which are introduced by cootie currents. The most typical are Uio 
AUantir forms traiisfported by the Gulf Stream^ of which the inllu- 
eiice can be w*ell recognized in this way as far os the latitude of 
Spitzbergen. 

Second. The species which breed oiily upon the continental plat¬ 
form, but which are transports far and wide and dispersed by the 
currents. They indicate, consequeully, Iho influence of waters which 
have been at some time in contact with tho eoufd* These forms 
appear periodically, and tlic seajff}n of their swarming is often very 
ilicut. Therefore^ one enn, by their progressii^e cKtension. form an 
exact idea of the rapidity cjf the movement of the w^ateriL Tbease 
const species (still called u^riliqties) are ditferent in four parts of 
the continental platform l>orderiijg the Scti of Greenland. Tliere 
results froiii it that tliesc may serve as indicators to determine the 
zone of influence of the coast waters which have touched Nurw^ay, 
Sjutzbergen, east coast of Greenland, or ih^ island of Jan Mayen. 

ThirtL Finnily, however feeble may be the variations of lem* 
jierature and tailinity of this sea, they do not fail to favor or retiii-d 
the development of diverse organisms^ The waters^ of different 
nature which have recogtiised above, especially in tho iipiier 
tx-ds. nre then cli a racier ized by a sjiecial facies of the fauna and 
floating flora. Ttuis t!ic pr>lar current carries w^ater of u brown 
color due to the active development of vegetable planhton^ which 
utilizes the vegctalde substances coming from the streams of Siberia 
and brought by the current which comes fmm the pole. In tJie 
waters of positive tempt^ratiire the copepods multiply actively and 
impart, to tlie fauna of the final branches of tlie (iulf Stream a 
S[>ecial clianu-ter. 

In a general wny^ then, the several currents are re<‘ngnizab1e by 
the life they rai'i^% as well us by the chemical or pliysical i.htiracter 
of theli- W'u lei's. 
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By BaTD Aixs^x^um,^ IJeuU-beiiit, BIHr BrIsHile, F.R.G.Sw 


Before commerkcing the narrative of my exj>edition across Africa 
T ^houicl like to iimke a few reniiirkj^ on the object and compositicm 
of the expeditioti, j 

Tlie fii'st work we wklictl to ci'trry ont was n systematic survey of 
II portion of northern Nigeria. Secondly, to explore liukeCImd and 
the rivers between the Niger and tlie Xiie, with the idea of demon- 
i^lniting the wonderful system of waterways that connecUs the west 
wdlii the east^ and I think this is fairly well shown when I tell you 
that in the three ycat^ which the jotimry took to complete, the liotvtft 
were earned for only fourteen days. Together wdth these primary 
objects, special iittcittiori wps to be given to tribal distribution and 
orthograpliy of nativ'e narnes^ and a careful study made of the diittrL 
biition of the fauna to prove its affinity betw^een tlie West Coas^t imd 
the Nile. 

Tlie party consisted of my brother officer^ Capt. G. Ih Gosling, 
Sir* P. A- Talbot^ niy brother Capt* Claud Alexander, and my self. 
With me I took my Poriugiiei^ collector, Josf Ixipes. We wore fidl}^ 
cquippril with survey instruments 

Captain Gosbug wm active in obtaining Koologicnl collections;, Mr. 
Taihnt and my brother w‘ere responsible for the Nigerian i^nrvey, for 
which they had special rjnalirications, while I acted as leader. For 
the river work we took with iia two steel boats, double keeled, 2(5 feet 
long and ^ feet wide, drawing 1| feet for 2| tons^ and made on tlie 
Ilodgdtt prinoiple by Forrest Brothers, of Win'cnhoo. It took 
24 men to carry each boat, which was in six sections. It would be 

“^AdUressoil to the Societr In tlio Cbenilcal Ijictrire 'niwitvf, Victoria Uni- 
verslly of ^faatlie»tler, on TuoBdar. Noviifulair % lEKlS, Hvprlntccl by pemiERalou 
from Tile Journal of tbe ^tuncbi^aier tJeoprarHiisniJ Society. EiiPo¬ 

land. VoL 2\, iMrt -t, 1D08. A IflrKc colored rtiii p, not lifrft retrod iiceil, accom' 
lanite^ tbe nrl^lna) f4i|kcr^ ^howlni; Lbc route of Uie eAiKMlIttprt* 

^Llrutenunt Alexniider wms tilled April 2* ISIIO. by natives Ain-abr, In 
Wabillr FraucLk Konijo. 
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hard tft exa"g«rHte their importanw. In many places they ilid the 
work of bullock transport and carriers, wliicli were impo^ible to 
obtain i and it ttiuat be remembered that; it was tiect^ssary at limes to 
support a large jrumbcr of f(Flowers, sometimes 300 in number, who 
bnd to be paid and fed. For this purpose u great amount of trade 
goods were carried, besides provisious, survey Instruments, aud pboto- 
graphic upparutu-s. 

The ejtpeditioij left England on February 3T, 1004, and arrival 
at Lokoja on March 34, Thera it organized and went to lUi, our 
first base for the survey work which was to triangulate tlLTOugh tha 
coujitry north to Haiichi and coiiuect that place with our siibsettuetit 
work iti Bornu, Tlie survey party traveled by way of the MurchLsuti 
Range and [yassetl through the country of the ^fontoils ain.l Vergnms, 
pagan oaunibils who inhabit the bills. The early state of their civil¬ 
ization ia shown by the fact that tliey have not yet evolved as far 
as the lillago itago: each hntolet is agnitist each other, each village 
aguin>l the next, and each tribe against its neighl)or; the stronger 
[trey itfXm the weaker, with the rwult that the former iiihiibitants 
liave Ijeen driven right up to tije peaks of the range, where tiiey now 
lead a [jrtcarious existence. They are very hostile to one another, 
and are continually raiding their supplanters Iwlow to got captivw. 
It was ustoiiiiihing to see how tbe^w pagans had irrigated and oulti- 
vutetl their fields, and taken advantage of eveiy available patch of 
Ijoil on the hlllsidtej. At this point pft^gies} was cbtitkinl by bolli 
iiivnilx'rs of the survey falling ill, which rufcessitiilcd their traveling 
to Wase, where there ia a p<jst. Here I might mention the Wase 
ivjck. an immense uiaea of igneous rta k rising sheer out of the plain. 
It is aljoiit (XfO feet high, and was probably tlio tiiU' of a volcano, of 
which alt the re^t have Ihjcji denuded a wav. 

Having rtxvvered their health, the party prooMdod into the Angoss 
country past Mount Mudung. Xlie country was hilly, with niiuihcrs 
of Isolated ro<,ks like that of Wase. In these pirts they came aci^s 
iui extraordinary amount of mica^ the path followed shown witii it 
like silver, and on either hand there were great sheets of it. ileyond 
the iladoiig ilountains to the northwest lay a magnificent langi' w ith 
pe.sks h,OOtJ feet high. Tliis has Ijwn nametl the Claud Mountains 
in memory of my brother, 

i'foni Rauchi the work of trlangulatloii was carried into the 
unexplored and Interesting country of the Eerri-KcrrisL It U only 
necessary to describe the towns of Gamori and faiwc, us tbev wiil 
Iw found typical of all tlie rest. iVmid an ulluvlul plain rises a huge 
circular mass of clialk with precipitous cliffs stratehlng sheer up on 
every aide. At the top, aou tn CiQO feet above the plain, the mass fomu 
an absolutely level plalenii, crriwded wIlli vi I luges. Tn the midst of 
t e plateau again risess a very steej.) ^leak of li’oustojic or laterite, 
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TTfltor b gratlual thiit t!iere are no luinkt;, )in<I in oha or two 

places the lake c:m be reached wkhotit difFn iilt^’, fur there is scarcely 
liny marsh, anti tiie land is lirm with a siiiitly soiL We made our Jitst 
vovngo with ihe ohject of fining the Shari moutJi, but we found it 
was impot&dble tn go south; n great barrier of dense marsh lev to 
our right. Hoping to lind an outlet, we followed this Indl uf, do^ as 
I^llde, bul were eventually conipellcfl lo take a nortlieasterlv counw, 
the marsh giving way to eontinitiil lowdyHng hind in the form'of bays. 
Jn iiiany plact^ unapproachable owing t<, thick mud. Our prmpeem 
the hist day were ariytliing but bright, and the irnpa^ibility of get- 
iiig into touch with the Huduma did not improve matters. Toward 
sundown we sightwi it large tU-et of eaiioes engaged in fishing ota^ra- 
bona. Ihey had not okservet] us, and under cfiv.-r of the gi-owing 
darkncfti wo stole silently along under the I™ of a pmniontorv. nnd 
came within 50) yards of tlicm. Then u great commotion fol'lowciL 
i he can^ were drawn up out of the water, and iKinb* and men dk^ 
iipisyed irit^o the The nest day the water to oiir left tjeemiie 

studdetl with iminmerable small sandy islands, oi-ergrown will, tall 
gni^. and many strewn with stielK f)n account of tno«,»itoes star 
work WHS irnjMigsibli!. and eoiLsi/cpiciitly latitudes funl to W taken dnr- 

inf* fliiy. 


l or wvenil dnvfi we toiicd along with iianllv anv progress, the 
boat often ftrapmg along the thick mnd. Oiir hopes were more than 
once raisctl by the sigln of wliat wo took to bo Rudmna setllt inonts on 
tlie land to our right, hut on approaching these they turned out to ki 
deserted entile Htalions, which (Fonsisted of reed-bnilt huts very hoibII 
tn circimiferem^*, not more limn 4 fc-e| higli, and the sides toward the 
preTfliling win.| always plastered witli mud. 

By now we found that our provisions I,mi mn out, nm| we were 
o !r ™rtl ‘Evening, however, 

Z Zl trt "'7 to make 

holes ah ! m*’? tlie I.dands, digging them out of their 

anlTh^iri how wo live*] for 

ri'uliztiifr at 'i l‘"pinir to find n passage to the oast; but, 

ehaomlj ^ ^ hritiging oiir trip to a close, we 

riclwork nrul after n tciUoiie winding' liimn^h n 

works nf p,>!Ht nni fi.], i. .1!"^ from frumc- 

diu prow, ore most picturtisiiue Tt ^ tifid tttrned up at 
picturt^jue. They are gt^tierally 18 feet long 
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ftnci nIjoiH S feet wide. Lighter ratiiX'd sire nli^o niHik. f<^r trtix^^liiig 
over i^hnlJow water and for from sudden attack. 

On December li'A we arrived back at Kaddni urid Talbert left for 
England. 

Uv the middle of tebrnuiy. IfJOa, Gosling, after elephant hunting 
near the idioFe of tlie lake, left for Knsserij our next objective, and 
n week later we smarted with Uie two Lmats once more to try niid find 
n way acroj^ tiie lake lo the Shari. ^Yv took the dilution of the Yo 
mfiutli. witli the idea of folloAving (ho influence of its wateri We 
passed nil island mi the way, where I counted a herd of sixty hipix>- 
pntuiiii that bad Ivon driven to tlie hike hy the fflUing of the river. 
Eive iwileH tseyond the Yo mouth we struck n nortlicusterly clircrtion. 
At a Biiduma fislnog islniul I induced two kiys lo come with me as 
guides For 1(5 miles we found good open water, and then cuir course 
lay througli a mass of hTuull islarid^s tbrougli which we struggled on 
for 10 tuilffis the men often wading and pnidiiiLg up to their chests in 
mild. The next morning I found that we were near the eii.st shod! of 
the hike, for there Avere hon^men to be ifeen on the land alwut a 
mile Ixjyond the island. 

My diflleulties avpit increniscil by the Flarmsttan wind. It would 
rise daily at H a. m-, ant] hy Id t/cltK-k the sun AVonJtl lao blotted out 
by II dense* daiuji mist, tbrough which we bad lo grope our vvay» 
misi^^rubly (^Jd. To shoAV bow strangely the water shifts with the 
witid, one morning, in retracing our course of the evening l>eforp:* we 
found the wilier Imd gone, leaving nuinlwrs of fish of enoriuuus si^e, 
some -1 feet long, stnmdcd. As 1 eon Id find no pussoge south ward, 
and my men were worked out, 1 decided to ret nice my w^ay to Kadflai 
and refit for another attempt. 

Oil Mnrdi 5 I took ilie same course ns ntir first, agniu determining 
lo find ri soutliwefrt passage, hut ihe reeds still proved impasssible* 
On the outward jnurjiey we came u\y>i\ a large Bi id Lima Fishing Ik'ut. 
At first they mistook us for other Budumas^ whom they considered 
HO easy prcVii f^Ji' b k their habit to plunder one another wht-u they 
get the cbiinci*, ALTordiiigly lliey closeil np ready for attack. Hut 
NMJn they I'ealizcd (heir mistake, and the tables were iunied. Ikdore 
we cniild get up to them, many of llie liniits burst inln flames, and 
(he Hudniuas, swimming like nttera. underneath the water, ilisnf>- 
IKUiitwl into the reeds. Hidden in the Ixiats we found four slave boy^^t 
who wert^ (he victims of a traffic carrietl on lielAveen the Biidumas and 
Tubus, I’liey were in a shocking condition, and we took them l>tic*k 
and relea™! them at Kaddai. 

We then determiriiHl l<i try and cut through the reeds. We worketl 
steadily for tivo diiys^ cutting a distance of at amt 800 yard^r, niiil 
l^eA'ond that T winded a mile, but there whs no end to the roods anti 

maria ” hinsh. 
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1 Lbeii reliiiqtii^jhcd this, my third attempt, and once more returned 
to KuddLii. When within half a mile of the shore we found the 
water had disiipijcared. and as it Kna late the men slept in (he biats 
and my Ijcd was put up in C irirhej= of water, and tliai night I slept 
on the floor of the lake, in the nioruing the water earlier than 
I did, and I had just time to get out of bed as the lake wflj> getting in* 
1 then nlmoilohiKl Kaddai as n starting point ancl trekked with 
the lmat,s’ sections to Seyiininu a cUstana^ <if 25 miles, ^vhinh was tho 
i]e3£:t point, to the sfMith where there was open water. Tbi>i took rnii 
a month and a half owing to desertion and sicknessL 

From Seyiirum I zuade my fourth and tnsl attornpt^ which necessi¬ 
tated three dii3^' cutting through grejit hedts of re^K* papyrus, and 
mnrla hush which extended as far as eye could D-'ach. We were 
obliged to spend the nights huddled u]> in the iHjatii, Sleep was out 
of (he question ownog to the linrde^ of nirrt^iuitot^p Msny of the 
men preferred to sit up to their necks in w'ater all night. 


fn the course of the w'ork wvt ilisenvered a giptntio tunie, nearly 
loo pounds in weighL with a she.!I of a polo lemon color+ On getting 
(liroTigh the leeds, we found 5 feet of w liter. The of the luke 

was now quite dilTereot from that of the To hasin. Instead of low'^ 
island::^ there were big island streterhes, which ftmne^l i^intinua] prom¬ 
ontories ahead, overlapping one iiimtlK^ on cUlier side of our 
course^ with channels semetimes net more than lOO yards wdde; at 
other times fortning deej> Imys much os 2 miles in width, linefl 
with bells of dark-grcM-n uiaria 10 to 30 feel in height 
Ijp to this time the Biidtimas had he hi severely aloof, but now a 
Kjietiella.^ or chief, of a large fishing fleet we met splinted ns, and 
offeivd lo show us the way to the other side. On the way he took 
to his island, Karreragga. where we rested for two ihiyiK This 
island presented a very fertile iip|Jt?aranee; the delicate green uf young 
mimosa leaf was a pleawuit ^ight after ihe simd-sw’ctit stretches of 
Bomii, and larf^ herds of cattle roanuHl akiijt at will. The Ka- 
chelhrs town condsted of iwJ hufs, coiiii.^l in sbai]K\ Each dwelling 
had its low round mus^piiio-priwif house covered w’ith close-woven 
matting. 

The nnduma men are tnlL with welbderclopetl liciwR Living sis 
they do on fish, their sJiijis are very skx'k and oily- The women ore 
sinalh and resimihle the Kanianbiii:^ 

1 hilfliul t went to Wnnnda on the eost side of tlie 

lake, theiire fallowed th<^ diore in the mouth of the Sharif About 12 

I ^Sliari month one le^ivcs thw great somlier 

(’h-iU f n comes out ioio magnitieent open water, and 

iw.™ I'"" «“* 1.™"^'“' “f»i-i«r 
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T made it erm^idenibh^ les-s thnn it iras fomerly to l>e. 

There is irn idea that tlie Inka is tirviriig up* but my opinion U that 
it. does tiat Eiher very m\id\^ mid I l>elieve llmt [tie supjjosed neater 
cu'i^nal iimi is simply due to inaccurate survey and partly to the 
fact that the villa^^ oii ilit^ Boom ddeiire several niile^ distuiit from 
the labe. whieli has ^iven the tmpri^s^iioii tJiiit Ibesi* deferniinetl a 
foniier shore linii- But 1 think that the sole reason fur their ixtsition 
is one of seeuHty^ for, an there are no eoritfiiuin^ banks* ami the hind 
iind Mater iteinjir almost levels tlie Hanualtan, whieh cjuises the water 
to flow <V0(* yards over the laud with an ordiiiiiry wind* drives it as 
far fiH 2 miles when tlie wind is strong* Besides, I was? told fiy the 
Kinfr of Kowa, a town situate 11 miles frv>m the lake, tlmt in a gi-eat 
flood twenty years ago the water had ix!iieli«d as far as tlie town, 
and in another se\'eti years ago it hod risen past it and covered the 
plain os far us a place eolletl Mongonu* ll'liile the fliwls Insted the 
IhidiimJLs went up in tlieir iKiats and e^^tallli^?hed a iish nuirket jtL^l 
outside Kowa, Xom\ on the eastern shoie, wheie there art^ gockl 
banks, jind tlie wsuer is not influenced by the |ht vailing w-imU there 
am mmiy villages elrr^ to Um lake. 

Another fact that has perhaps created the impression that the lake 
is decresising is that chains of islands tliat once wore seimraie are now 
inort' or less joined together hy marsh* But I tliiuk that thiH may 
very likely iai due to the siliijLg up of mud mid sand ugaiiisE the 
oljstrEiction of the islands by the op|>osing influeiict^ of the Vo and 
Shari, tlie two rivei's tlmt feed the Euke. In fact, my observations go 
to show that the lake is practically two lukr^, diviiletl hy (he 15 miles 
or so of marsh and maria bush that I attemptfMl to cut ihrougliy and 
[licse form the sepanite liasins of the two rivei^ Mmt?ovei\ a Bu- 
duimt cliief told tne that there was im coinmunicittioii tK^twcen the 
two pirts, and I found that ilie people on the ditTeient sides knew 
little of encli other, Tliis impression is further home out l>y the 
very markefl difference iit the character of the scenery and the iieople. 
On tlie north the shores are flat and bare, and the surface of lUe 
water* which is nowhere more thim 4 feet deep, is broken up l>y small 
uniiihabiled islands that are little more than sand flats. The people 
are iicither numerous nor ftoiirLshiug. and lead ci lawle>L^ existence. 
Bui in the south or Shari hasln everything has el more flourishing 
appearance. The depth of the water is from 5 Lo 9 feet* and the 
ishinds, M’Uieh fonii prominent featureiv are fertile and ihicklv in¬ 
habited. Everywhere the maria tree grows luMiriantJy. and it^s clof® 
dark foliage gives a scmibcr cliaractcr to the s<?enery^ Tlu^ Ls (he real 
home of the Biidiiina^ M-ho are ii prosi^erons. etilighteiu 2 d people, gain¬ 
ing their wealth hy fish and |a>tasbi and eouniiug it in iiuiiibers of 
vvive^r, slaves* and herds id cattle, 
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Previous to my work on Fjiko Cliad J Uad the fortune lo witness 
a Tubu lit id upon Iho Mecca cornvan. At tliat lime the Yo dijrt riots 
iv(?w in a mast iin^ttlwl state; natives went atmut fully armed, and 
only traveled by iii^hl. for fenr of the Tiihiis, who were on tlic war¬ 
path. These i»cople are the nomad mhtjors of ihe Sahara. Armed 
witli long speaiSf and mounted on small ponies atid camels;, they cover 
long distances, concentrating stidflcnt3' when a mid is content plated, 
afternurds to scatter and as quickly disapijear. Many of the lawhwi 
Jlobhiir are their worthj' allies, acting as spies, and sharing a jKirtion 
o^ (he spoils. A\Tnle the last- grt'ot Aleccu caravnn was traveling 
through this country, escorted by tiie KarheUa of Yo, H was hcavilv 
ambnshetl near Hnkuri. The MoLbnrs opened the attack by flights 
of fjoisoned arrows, nlnie the Tiibii horsemen charged on the floTilfs. 
cutting *,fr nimiUTs of the flocks of the caravan, which spread over 
j? miles of road, and numbered seven hundred people and nearly a 
cattle. With the loss of tivelvo men unci thirty lionseskilied, 
Oie Kflchclla, who had eight iipe^ar wounds^ w‘jth his hundred hortje- 
men kept the euemy at hay, and, under the protection of darkness, 
brought the harassed oatuvan into Uulturl, where for live days tho 
Tiibns hemmed it in. On the fourth day the ICachella managed to 
get n rtinner (.hrnugh to me. Accordingly, with nil the nrrowmen 
tiiid horse men T could muster at Vo, f reached iliiltiiri in time to 
relieve him. ^ At daybreak wo moved out of the town. It was a 
picturesque ui^it. Whole families were there, driving their flocks 
and nirryiug with them all their worldly Ijelougings, and tlieir diiU 
ilrcii. pcrrhwl cm the hacks of biitlocks and buhcIh. jVmong this pil- 
grmmgii there traveled pale-fared FulmiLs Haiisns from ftokoto, 
handsome dprk^kitmed jample from Helle and Timbuktu, mul manv 
Mallams or priests, turhaned and clothed in white, walked culm and 
h«^t!ss of the dnngir. incessantly telling thdr heads, men close 
to 1 o the Tubus were dispersed, for their leader had been killed, and 
the Jvachella a warnore concentrated and advanced past me in n long 
line tov^irtl flie town, and then the women ond children crowded 

r*"r t ^®ws. All night long the liours 

i-roken by the wml of women tilling ujmn their dead men to retijni. 

to go liflck to the- csjH,dition. Ascending the tHiiiri. with fine 
steep hjiuks and an average width of TiOO vimjs, we traveled through 
la. laud of the Ivotokos, the giants of the Rudnu; and ut Gidfei. the 

ng Koteko chief some d feel 3 inches in height, reci.ivcd us with all 
Jijjn iiifantiy and hon?cjnen. 

After ing I'ort Lamy the river has a winding course, wiUl an 
jierrigo width of fiOO yards, now and again widening out to a mile. 
Tn thc sceiie^- reminds one forcibly of our English woodlamb, 

1 lironghoiit Its entire course die river flows through ii very flat coim- 
Iry, much of w'hurh is under water during the heavy r niTi!^ , 
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B^'yond Jlikii tlii! fltti pspanso b fnr the Jirst tinu' bmketi bv nn 
i!wlated j?roi!p of ivotjKlctl iroiii^tonp hiJb. kiiuicu tlie Togbiiu, aWut 
300 fwt ill liei^ht, iibiiltine on die left bunk of the river. Kmin the 
top, a viiH view of a Iximn conntty pre^nl^ iuself, amj my mind wiis 
ut once rarried back to « similar ocension, when t viewed the hind- 
seiipe fnmi the top of the Krfli hills in Nigeria, and I could not help 
litiing forcilily ntnick by the contrast of the two scenes, Thera, as 
fur as the eye could reach, stretched wide lields of .vellowin^ com, 
whose siirfaco was often broken Ijy clusters of hniuiels where dwdt 
the hupj>v harvesters, wliile bera on ulJ sides to the distance lay a 
barren stretch of Lush and sand. 

Fmni Fort Lamy oiiwanl the Shari region is thinly populated. 
Jk‘twceri Hiii5jo and Foil Archamhaiilt there are no village-;, and the 
nmgiiiticcnt river (lows tiiroiigh n silent land luitoLichcxl by tiuflic of 
liny kind, and one cm> travel for days without meeting a single native 
ranoe. Itegardhig the natives, tliosc on the right liank Wong to the 
klngihun of the liagirmi pcojilc, who liave carried on for years a sys¬ 
tematic sill VC raiding agaiiijft tlie Sara tribes, t>r Kiirdi, as tliev ara 
known to the Hnginin: inhahiting chiefly Ute country oway on fhe 
left Iwmk, where thej' live in smull communities, Kcattering their Imls 
among their crops as a protection jigiiiiist surprise. They me timid 
jH^opIe. but gfH,d u„d industrious fimiieis, growing etiiclly millet and 
grotiml nuts; and, ivhat is rare, taitli men and women work, 'l liev 
may lie oliserveil th the fields together, sowing their crops. After the 
ground has been cleared the man walks nloiig nnikiiig a dah in the 
soil at ijitemds with his nathi? hoe. and tlip woman follows with the 
j44fpiJ^ wliich she pliic-iis in thy hole iind covets up with her foot. 

Cicely allied to tlnse people, Imtli in iippearaiice .nid customs, are 
the Kiibha-sara, who inliabit the vicinity of the river aimve Fort 
ArchainbaulL Reyond the right Imnk to the east tlie women of tho 
Kiibha-sara insert enormous wooilen disks 4 inches in diameter in 
liolw bored m tho lipjier and lower lips, and the face is disfigured to 
such ail that it tu> loii^r looks hiinutn^ nnd the poiv^r of 

speecJi is rcdiiceil to a miimbliiig. This hideous custom h said to 
have originated in the miitihitinns w’hieh tho women inflicted on 
themselves to prevent beitig seized liy tlie sultans fif Ihigirtni for their 
linmns m the days of slavery. TJie raids of the.se Rngimii sultans, 
followtsl by the deviistntiohs of llalieh, have crippled and dppoim- 
ut«i to .1 disastrous extent the whole of the Shari region. Tins gieat 
leader had no less than *0,000 men in the field, who domstatod and 
fed on the lond like locusts. Each division of this largo armv had 
Its foraging ground npportioned to it each day bv the leader 
Riiring our Jonniey up the Shari the amount of game we met with 
was tnily n^ond^rfiil. On occasions Goslin^r ulitained 

phaiit, giraffe, buffalo, rhino, Iiartcbcest, busbbuok, duiker, water 
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biict, roan uiitebpc, kob. c^tmh. pip, untl wiki dog. This \<ra.s ac- 
oouiited for by the fact thm the dry season causes [ill Ihis gnmc to 
concentnitph Jieiir the bunks of ilic river. 

At AicliEimbmiU we foiuid ii to collect a supiily of 

gruin, for luinlly n village hiy in front of ns. siiid onr next object 
wwji (he exploration of the Riverj which Hows tlirongh a 

de^serted country*. On August 6 we conipcd on u siiiul bink »t the 
junction of the Bnmingi nnd Gribhigi rivers. The former the 
larger^ having fi width of some 50 yards fit its mouth. I'liis river 
was still nnkiioAvn to the explorer^ unlcsSs we consider the record of a 
I'leiich truiicr, iiEimed Rchiigk% who atLeni[UcHl to ascciiil it* but ut 
the rapids, iil>oiit i miles from the niouth, had Uislaait badly smaiihetl 
iijid was coiupellcd to return^ He was afterwards hanged l>y I4ii(jeb 
at Dikoa. ^\'iili the exception of these rapids, caused by [i reef of 
rocks across the river, we found the Mnmingi e.YeelIeiit for naviga¬ 
tion. In August it was itt its fijlh ’Prith a depth of 6 to D feet nnd a 
strong currcjit which made our progress slow. 

rile river Ihimingi has pretty scenery- sometimes the banks rise 
to a height of 60 feet formed by rocky knolb. and at these points the 
growth la^'oines tr^ipicah Kor ISJO miles, the distance we traveled 
irjj this river, we found the country iinirdiabited, and the impressive 
siditiKle was oidy disturtjeil by the herds of elephant^ which at (inies 
fiecpiented (be gravelly sand Jjpnka, and troopK of baboons that fol¬ 
lowed ns along ihe linnks, gating in excited wonder iit our IksiLs. 

U'e next Jiscended the small rivers Gribingi and Nnnna, anrl rro^sed 
tlie Slmri-Ubanghi watershed^ carrying the boau for four days. 
Then w'e descimdeti ilie Topui Hiver throiigh a well-watered and 
undulating regioti. Here the character of ihc vegetation chiinsres. 
Thick i«*lts of fore.sE full of riiblwr vine hide the streams, and the 
fauna for the first time Ix'longs ti> tlie forest region. 

In this part of the conntn’' the natives have a harliaronrfy cruel 
method of hunting elephants. IVIieii a herd h located in the dry 
grass, all the villn^^s turn nut with guns and spears and fire the 
gras^ all round the herd. The poor beasts make frantic attempts to 
break thrcnigli tlie ring of fiiv. ami are to be 3 =ecn rushing madly to 
and fro in their agony, rooting up trees and thrnw^ing grass and 
earth over their scorchcfl bucks. 

A jniime}’ of four days down the Tonu River brought us into the 
I banglii^ or drinker up of little rivers,^ u great stream some 1,200 
yards in widtli, sw riling to a mile at the bendx Us banks are fringed 
with irecfs. with unihihiliiig gni&^ beyond. On either side cluiins of 
gentle roimclecl hillit, about 150 feet in height, and devoid of tri-es, 
sfl^c in tlie hollows and ravines, loop f^muetimes close to the river line 
and someUines wiml away to a distance of a day^s jemmey. Abt>ve 
the junction of the rivio: Kwangoj thei:^ aro large wooded islands^ 
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.wjiie 3 [uilcf) loo^^ inbabittKl by olepbnDt^ pig, und the small Cowgo 
bLitfalOn As out!‘ journeys, on tho Jispect of Un* river eliauges and ils 
coiir&fci wiiiils pa.st ^vcMKled head hinds tlidt form a siirression of bajB. 
At ^Inbbai the river nppcurs to bo a dirifling line Uit^vecn a sterile 
and fertile land. On the right bank tiwloss hills^ on the left 
exloiii-ive tropical forests, wind iilnng the valleys. Kmrn tho Tomi 
to V[ikoiiiLi tliere are only two serious nipids. tliose at Tilobhai, and 
tho more fonnitlable liSetema rapids. 

As regards tho izihiibitants, space dues not perndt me to nteniion 
nioiT than the ihm/irja and the Yukonuis, Thi-y are tine nmesj 
especially the Vafconia^^^ whose men jii*e verittd)!*' giants, and the 
fine.st sjK.H-hnens I hiive seen iinywhere in Afiica. All along the 
river there are tldekly popnlated villages, some over a nidc in length* 
and the appeamnc'e nf the people strikes one as being e?;lren 3 elv 
healthy and prosperoui^ Theyiwuig girts of the Viikoni:i rEiLe deftly 
weave long plaited cords of hbiek twine into their IniirH which, fall¬ 
ing over their shoulders to the grotind, give the ap^waraiice of their 
possessing lusuriant trt^sses. The ends are w'oniul on a ^tick like 
II hig^ hall of twine that weiglis 10 pounds, and ia ciirried uinlcr the 
arm and on the head when at work. 

Oil JanuEiry 1 we arriveil at Yakoma^ a large Belgian po^t at the 
muath of ilia ^^'elle, and the next day we left to ascend the river* 
whose course has ii wiilth of from 8ftf) to LOOO inirds, studded with 
rix-ks, and flowing through an irmrstone country, where the native? 
work inint^ to a depth of TK) bs-it- A few days Inter, in a llrick mist, 
wc set on I to puss the Voro rapids, alKUU three days ladow D]Lddjh% 
the sti^-ngest and most dang^Tin3s on the Welle, stretching a distance 
of 3 miles and ^Kimetimes a mile wide, cut up by x nijty.e of small 
rocky islands covered with palm siees and tropical gmwili. belww'n 
which the water rushes and tumbled hcnillong, the f<uim flying many 
feet into the air. With great efforts the bontii! nionntcd and were 
driven beyond the rapids. 

The violent uses the Isoats hud now l>ecn put to bad cmised splits 
to iippt^ar, and I was at ei loss to find a wherewUhiil to mend them, 
till I luckily rememIjtred haviiig seen a natlie w'oinan mending her 
jKjts w ith the wax of wild honc_v, and it siruck me at the time as so 
interesting that I niiidc a note of it. Am] now I trictj it with un- 
cxiK!cted success, ^^’'ooclen wedges were driven into the crsieks and 
then sealed over wdth the melted W'as, The restoration was c^jtii- 
plcle, and Samson s [jcnvert} rt'versL^d, for out of wc^tness come forth 
strength, 

Exct'pt for giiod water between the .\jigha hill and Xiangara, the 
entin- course of the Welle is cut up by rapids and hidilen rock?^ 
The river folk are the Bakango, a numerous iieople, whose condiiioii:!^ 
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iidve g^tly imitmv«| siiioe ihf Tielgiau occiipntioa, for its protec¬ 
tion shicliLi tliriii from the raids of the iiercer forest trilH'ii. 

It WD5 at Angii that ivc first heard rumors of tJie existenct! of tlio 
oknpi in tlio neighborhood, and iti tlie forest, some three diijs to tJio 
southeiist of that pluw* we spent three weeks cruleavorlng to obtain 
one. Tlie okapi, nr n'diiniha «s it is very widely known hv Mie 
native^, is very locally found, and Angii is the only part near the 
Welle whert^ it is met with. We found its hniints were small streams 
nihuing through swampy ground, thiekly overgrown with n clean- 
Hteiimied iilant some t; to S feet in height, with large oval shiny 
leaves hiiitdiing at the top, the young sluaiis of which are an essen¬ 
tial food of the okapi. In these liK-alities it roams utomt singly or in 
pairs, and, uecoi-dijig to the Mnhatli hunters, ihree may octTisiimally 
l«> found together. (Inkling, although he gol to close quarters witii 
it on Ihrae la'iiisions. never saw it, sn perfectly ronmnlcd was it 
among these leaveij. He says; “During the night the nknpi will 
w'ander along in llie mnd and water in scarcli of the young shoots of 
this plant. Here he may Ik* found feeding as lute as 8 ii. m., ufler 
which lie retires to the scclusdon of the forest, where he reniains until 
ihi-sk. In the glades and clearings I found his spoor on ground 
freipiented by biitTulo and water iaick, but thi.s is nmisnul, for his 
compiiiiinns in the furcst are more nften the cleplmiit, the greater 
bush hiieli, and the yellow-hackeil duiker.” .Vl this time Jase hml 
been following a solitary aiiinial for three siiwcssive mornings in 
the vicinity of u stream. He oijscrved itud, on leaving tlie water, 
the ukajii always Kmk the same (smrse, lielween two hirge trees riliout 
a hundred yards from the stream. So, with the lielp of natives, he 
dug 11 pit 4i feet drep Ijetween the trees, ami then carefully con¬ 
cealed it with brandies unJ leaves. Vi-ry eiirly next moniing 
again nppruudied the stream iiiid heard tiie imfse of the okaprnisli- 
ing away. Soon there followed a loud thud, for the iinimal. taking 
its iiflual eotim*. had fallen into the pit, and w.is secured. f)wing 
to the thick leaf and forest, its restless nature, nrid keen hearing, even 
the natives find it iJilficiilt to track, and arc obliged to resort to the 
raethrsi of trapping it in pits. Tliey regnni the Hiiiriml n.s a mvs- 
terioHS cr(*atiire. and say that it is always moving nod never fics 
down to sleep. JosfV nl*sen'Qlions licur this out, for on several occa¬ 
sions when he heard it fm-ding it simply paused to take a leaf Iicre 
ikhd tlieri^ imtl tlmn passed on agiiin. 

Thm iHiriioii of the journey wtts the most trying to the health of 
the party, the long stiiys in the hot, .^teaming hm.sl hunting the 
okaji,. and the work on the IVelle. which has an evil reptiiation for 
being the breeding ground of hilious i,nd blackwater lever, told 
severely upon our already weukeueti coimtitution^ and we were hU 
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iittacked hy fever. Tl was rat Xiatigtira that ihe cxjiedition received 
its last great blow. GoaliDg was slnick dowo with lilnckwater, wlviao 
deadly attack he laid liiiiiself at the mercy of by his refusal, almost 
to the lust, to abandon his labors. 

IjoaviDg Nianguni n itii a heavy heart T ncict nscended the Kibali, 
which has before been navigated. On tbe wulli bank there 

is 11 sejfiiicircle of igneous hills, aixjut oOO feet high, tii this range 
tbei’L' are s«?amS of niagiietie ore, and I observed (here were ijiimy trees 
on till' watershed tliiit bad been struck by lightning. The Xaiiivu, 
who iidinhit the Uilk, told me that when there were blacksmith's 
villages on their to[w nraimy fjeojile every year were killed by light¬ 
ning. At the foot of this range a bur, during a terrilie storm, was 
set cm fire, and two of my men were kjicK'krd down and stnniieil; and 
!i few' days later a heavy tiiuriderstorm broke from the s^uithe.'ist, 
witii hailstones as big as Leans. 

.llong tills river there are many formidable rapids. Among these 
the Anditmitiiiii, whicli irtrrtcli for a diatance of 2 miles, pi-escnt a swiic 
of wild grandeur. The river Jiere swells out to a width of 4(K1 yards, 
itJid is broken up by small rcwk-lmuiid islands ivliich cause? tremendous 
chutesi. 

The hanks of the Kihali are sparsely populated. In the hills .south 
of the river nro the Moinvii anil Jloinbuttu trilHs, still uncoiutuemL 
They Imild their frail huts of mud on the great slabs of i-ot-k, fre- 
Cjuentlv using the mverns tliemselvr.s as divelling places and sholters 
in time of ivar, and w'hercvcr there is enough earth tlmy grow tlicir 
maiu? among the rocks. In these hills 1 was fortunate enough to 
obtain from the natives two ancient stone implements, 'I'lie Irilws 
are ignorant of their origin and believe they are bolts of lightning 
which strike trees mid kill men. The M^ndi aiU them '■ mangii 
n'gainhn,” or " axes of the lightning.” They aay that these uses nmy 
often he discovered by turning up the soil immedlatelv n tree hoa 
been struck by lightning: a little later it would Iw no good, Iweiiiisc 
the stcjne would have gone back to the clouds in order to^strik-e again. 
.\Iunj’ natives attribute a mysterious power to them, belJoviiig l]jeir 
iliscovcry announces n friend's approaching death. 

e nest ascended the Ire or Bakwa, which up to now ha.^ Iwen 
cojiaidcred the main stream of the Kibali, hut this is not con-ect. 
The X’som ia the true iiiuio stream. The I™ is navigable for 12 
milM, after which there are many had rapids. 

The whole way we came upon numbers of elephants, which, so 
unaccustomed to man, allowed ns to approach epdte close, and it was 
a pretty sight to seo them playing on the l^anks and bathing in llm 

From here I penetrated by road into the country of the hostile 
Moiuhullu south of the Ira. Hero the scenery is grand. A mass of 
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rnoimiuijiuii^ hillG rolls range on range in glorious coufti.^iont 

tljE'ir sleep sidc^s diirkencd with trees, suve where lliey nre scarrei] hy 
clefts and sharp angles of bare rock* And bolow in llie deep valleys 
the jxnirses of Inmimendde streams arc revealed by their coiling cov¬ 
erings of tn^pkol green- From berc^ where I climbed to a lieight of 
4 jX) 0 feet^ far aivny Ui tlic eastwiird on the horizon, I saw for the 
first time the gray bltie of the hills of tUe Xlle. 

Firalin" it impassible to reach tlie Xile by tlie river system to the 
east, ow ing lo ijiipaKsablc nipicb and liostlle nalivt'a I tre^kkod witli 
the faiai tn Yej. eight iliiy^s distant* The rise along this road was so 
gradual tliat we were greatly surprised Tidfc*'n ni^ar Aim suddenly lo 
lit^hold the hngu panorama of the Kongo-Xile watershed. Behind 
ns it> the !K>iith lay the finrk greern vast ness of the Kongti forests, whose 
munotouy was here imd there relieved by winding piirtings in its 
surface that told the courses of the rivers* On cither side and to the 
north stretched mdtess pliiJn, with an occasional lonely hilb and far 
away lo the euKl (he sharp peak^ of a sierra chain- 

f)ri OrtaI>er I arrived at Yei and started to de*:cend the river. 
At this point it is little moi^ than a rocky mountain f^tream. 25 yartis 
wide, and sonic uO mik^" from im ^xir^^e in Mount Watti. For the 
first 20 miles we a su(Te«sion of rapids In terrace formation, 

reiukred more diilicult by the obstruction of sinall green islands, ll 
was ialxjrioits pringress, sometimes only a mik a day was inade^ and 
the lamt had to be got past the rapids by the men hanging onto tlw 
chain in the water from the stern. Someiimi^ trees, fallen rigln 
across the stream, ]iad to Ijo cut through. At other times, where a 
passage alloweti, we took the risk anti shot the rajjids. The Utat woa 
now in such a battered coiiditlnu that fre«]ticjjLly after the passing 
of a it had lo I# dr^nvn out of the water, a fire lit. and the 

w^ax melted, und the weilges renewed* After this difficult 20 mile=i, 
the river deciilcdly improved* and a navigable reach of Ki miles 
brought u-s to the Azandi vilbgie of KapU It w ns at this place I sow 
tlic iiderc-sltrig ceremony of the signing of a treaty laotweeti the chief 
and an niicicnt foe* They ntet* each surrouiidtHl by his followers, 
and their hcudmaii made incisions in the cbiefe" arms, and with a 
feaLher mingled the IjIochI of one w ith Uie other. 

h'roFi Kapi for 23 miles the river gotid, with the exception of 
two rapids, the inicond uf which was one of the worst, iind certainly 
the moftt disiiKtruuft, we hud to encounter. Ow ing to the tretneudous 
current the men on the chain behind for a moment relaxed, mnl the 
hoai was driven with terrific force an overhanging tree^ 

The sliuck stt^ept ofF twro of the |>olers, who disappeared into the 
torrent never to \)q *seen again. 

In the open reaches we came acro*^ numbers of Uip{>o^, arul their 
closely cropped feeding grounds by the riverside atforded ns excellent 
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sites for out CJimps. They were not Eilways siictessfiil in oot 

of (lur way hi Lime- ()q one occasion, ns the Ixiait was cominjif down 
ut 11 rep id pace into a pooh we tv nil thn>wn tojge liter by n ii'e- 
mendoiibi bump, and for a moment all tliouglit we had struck upon a 
rock. But the rr^ok snorted and pUmgejil out of our way. 

f'or the ne?^t 0 itiileSj up tu the station of Wandi, the river is qiiitfi 
unnuvigiiiile- In pJare-s the luKit had to lx? unbitnled and diiiggi?d uver 
the roefc^, SI ns to avoid the chutes, which were giguntic. The river 
in iLp|iearaiicc ceases to exist, and the water pours itself as best it 
may over the shd^s of itxrk with ivhich the whole len^h anil breach 
lire strewn. In this diMatice there are iit least si.x big ra|>ifls. At 
OTIC we hud a very inirron' esea|>c of being snnisheil up. We liml Vovn 
going in sinootb water for a time and the men were ad in ibe btxit 
fxding when siidiknlv the curi'eiit la^cauic strong and the boat wns 
carried helplessly along^ eacli second nearing the steep. The poles 
were quite useless to check the increasing impetus of the lx)at. In 
spite of die lieivne elforts of the men the Ixxit sivung rniitid. and tlie 
next instant cra-'^hed hcaviJi" against a large dead limb of u tree, where 
it stuck, lint for thi:^ there wuuJd have been nothing to hopv for^ 
llie tsetse lly, the Hpeciesr that carries the germ of sleeping sicknesst 
was very much in evidence about Wundi. and I saw two cases of the 
disease. Fiirtiicr on it became still worsi\ uud dorse to Amadi 1 
came acrfjss two villages that were w^iped out by it and the chief of 
anoLher wan hronght to me in a dying crmditioiu The same scourge 
carried off one of my buys* who died just lie fore we tvaclied the Nile, 
Vtiv ion miles after leaving B^mdi there are nothing Imt rapids tile 
whole way, and the one ti miles froiii that place is the Inggest we had 
yet seen and preacnteil a splendid siM?cLacle. Here the river is 300 
yards acro^, and a giTut volume of wiiter sweeps foaming over steep 
rocks* islands covered wilb beautiful palm troeSi, wducb ore the 
rew>rt of tlog-faced babtxvns. In the neighborhood of KalTni npiiear 
small hills of not more than 4tK> fLH?t. TIk^ are inhabited by the 
Mixa people, a ti'ilie that stnick me as rather original. The men, 
ivhoarc smooth-skinned and gentle, adona themselves with Ijcad orna- 
izicnt^ and girdles of iH^antifnl dei^igm while the wouien affect a mascu' 
line severity of costume, fruit stonca taking the place of beads. At 
Avurm the Ycl becomes a splendid river* ivitli an average width of 
Gt) yards, and the comilry throughout is well populated. 

It was now Dcivuiljcr, imd the river was rapidly emptying itself; 
in places there was hardly enough depth to deisr the keel of the boavt, 
and it became a nice Ixstween us and the water, Tu hasten our 
pace we threw away all our belongings with a light heart, for our 
Bpiritv^ were liJgli, a.s we bad said good-bye In the rocks. For about 90 
miles, to near its nmuth, the Yei flows throtigh a fijit fertile conntrVi 
where large herds of cattle and sheep voiim at ivill. Often along the 
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Sloping banks one ass U,e brilliant grocn of young tobacco plunia- 
tiona. Ttus is the land of the Dhikas. who, on our first apijcjimnce, 
ran away, but later, gaining confidence, flocked down to the river and 
lined the bante in hundreds. All naked and with their botlics 
painted a ghastly wJiite, they shoutwl and dontsd and Uirew their lone 
sjmTH into the air. So we made CO miles, then trees, flocks, and 
men gi'udually disappeared, and the river wound alone through a 
vast empty plain. It widened and Klaekefie<l, and the impression 
came over me that it was nearing its jorn-ncy’s end. Kagerly wo 
a;rnu«] oiir necks for a sight of the Nile, but this reward wa.s still 
withheld; mithuig but marahland as far as the horiroj, met our gaM. 

0 followed the river till it lost itself in a kke ftiirrmuided by <lense 
rml and sudd. We cK««cd the lake with irresistible rcttiilections of 
Chad, and then found ourselves stopped by the barrier of inai>h and 
sudd whi^ choked our passagr. to the Kile. 1 theu trekked miles 
with the boat sjadions to Claim Shambi, on tbe Kile. Tims we had 
reacbi^ the goal that we liad aet ourselves, and hcie onr jonimey was 
bnnight to an end, which, in distance, had eirtended over some 5,000 
mui^, and in time occupied just three years. 


MKSf)POTAMIA: PAST, PRESENT. AND FUTURE.- 

I With 4 and 1 tiusp. I 


lly fllr W’lu.uit VVrt.i.cwT 58 . K. I!. M, (i, 


■“ Out of Edoii cutn^n rivor wiiicli j[^iixlpu^an<] from tliimco 

it was parted and Ixicujm' four lieads.” Pluiis and levels in liiutil, 
starting from the spot where Jewish tradiLloii pliioi»] *‘lh« gati^ of 
Paradise,'* I have fotluweil the of the four river^s of the early 

chapters of Genesis. AppomteJ by tlic new Turkish Goveratnenl to 
engMgi* engineers and survey imd level Ute rivers and canals of tlie 
Tigris-Kiiplirates del la. and devirtf prajeeLs for the rehahilitation 
of the. country, 1 (irst set myself the taidf of tiiustering the ancteni 
systGiiis of irrigatiot), improving on them when 1 could, and adopting 
them when I could Jind no better substitute. I started with the 
fianleti of Eden. 

The Euphrates enters its delta a few miles below Hit, at the gat*« 
of linbylonia, where Cyrus the Younger's uriuy, accoiii|>aiiied by the 
fen thousand, left the deserts and eidercd the alluvial plains which 
leriniiiafe at the Persian Gulf. What tlie gates of TlabyIonia were 
to one descending the Euphrates, the gates of Paradise were to tUa 
<»arly livers in the Babylonian plahis. 

Upstream of llh, past Auah, the river is to-day a series of very 
indifl'erent eutaracls, where the eurrent turns giant water u'heels 
which lift water and irrigate the ivnrrow valley to the edge of the 
desrwt. Garden succeeds garden, orchards and date groves lie be¬ 
tween delds of cotton, and life and prosperity are before u.s wherever 
the water can reach. I do not think it possible to imagine anything 
more like a practical paradise than the i.'ounlry near .Vnah. Every 
Irtv and crop must have been familiar to AdiUii except the cotton 
crrtp. Though to-day, owing to the degradation of the cataracts, 
ii degradation w-hose steady progress was noticed by the writers of 
the Augiislan age, water wheels are necessary to irrigate the gardens; 
it is easy, indeed, to imagine the condition of the river when llie 

« HeanI at fee Ifeial RwarapUleat Society. NovetnWr IG. Iflfia Reipriated tpy 
(perniipaion froai Tbe tlwBrartlileol Jcurunl, T^qnOon. vel. 00. Xu. 1. Janwity. 
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culariKiis were friich as we rice on ibe Nile, fnitl water could be led 
oil frotii !ilK)ve a rapid and utili^d for iri'igniting, with free How, 
gardens situated ti little clownstnaira and al»ve Iho reodi of the 
hi^it'iit jloudri. Siidj was the Garden of Eden, niid iU site must 
have injcn near an utiterup of hard rock like wc sec tit Ariali, wjiorc, 
In cotiuiig down the river, we fiivt meet the date jnilin, tvhkh even 
to-da)* is a tree of life to the wliole Arab world. 

Below Hit [JO place can be found for a garden without lifting 
apparatus und protcotive dikes, because otJierwise anv garden irri’ 
^ted in the lime of low supjdy would lie inundated iti lloiiil, and if 
irrigated in Hood would Iw loft liigli and dry in tlie lime of low 
supply. 

Bownstream of the garden the river waa parted and lxji*aine four 
bends. Tbi; lirst was I’lsoii. representeil tu-duy hy the niany-urnied 
dcpri'jjsions of Ilahbimia and Dibis Ijctween Itaniadl and Nejef, 
which iiiie not iunptly dcscrilied, from the jjoint of view of a dweller 
in hiiliyionia. as cnroinjiassing ihe whole land of Jinvihih which lay 
betwooii lljt‘ frontier of Egypt und j\ssiyriii. 

The second river was Gilion, the muclerti Ilindia. the Clhebnr of 
EiiekicE, who lies buried on its banks, the Aluivn of Ekto, the Palin- 
copiis of Alexander, and the Xuhr Iviifn of the early khiillfri. It iti 
represented as ciieoiiiptnisiiig the whole land of ICis or Ivntha or Cush, 
the father of XinmHi, the Ireginning of whose kingticaii was Ercdi 
and .\kkad and Caliieh arai Habylon, The iincieiit town nf Kntha 
lay on the Nnhr Kullm, which was in all pi-cjhability the main stream 
of tlie Eujihrates in the earlii^t times, and on whose banks were 
situated Euthn, Nil, NitTur, Erecli, and Tel Senkcre, wbidt date 
from days long jwior to Biihylon. Hie cnj>ital of Khainmiimhi, 
founded on the Babylonian bruntih when the other had silted up. 

The third river was Hiddekel, the nuidern ^akhlawjji brunch, some 
feet wide uml 25 ft'et ileejj lo.day, running like a mill race into 
the wide Akkar Kuf depression, and flowing out of it into the Tigris 
at liagJud, If let itlonc, the Sakhlawia would be capable of carry- 
Jfig mure than half the waters of the Euphrates, and rendering the 
country lielweun the two rivers tiiictiltivable. In ancient limes It was 
utidouhteclly a setsmd head to the Tigris, and from tlie point of view 
of II iiweller in Bidiylutda, it was accurately described us “ thut it is 
that gocth in front nf Assyria.’" 

.\nd the foimb river wus Euphrutes. No delinitioii wus nccessurv. 
It was the river of Babylon itself. 

Just as the Baby Ionian c-olonisrts carrifti the name Tigris with 
ta i incvuh* m doubtk^^ iti times, jifter the tnost nncieiit, they 
gave the name of the river of Babylon to the grejit stream on whi** 
irvas ilie crradle iho From -stmree mouth one 

n\tr becuDie the li-tiphniteSt siiid (hv oilier the Tigri^v 
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The Tigris i?iUeri4 <Ielta at Beiail. south of Samarra, over iha 
ruins of one of the nsost interesting ^vorks of iinti(jiiity_ In Hiicient 
flays iKrtiie giiint, locul tnidition says Niiiirotl, closed the chantiel of 
the Tigris by an earthen da in and turned the river nver the hard 
congloniernte, forcing rt to llfuv at a high level and irrigate the whole 
f!Oiiiitry. ('nursing down over rajiiJs, I he Tigi is became fiaviguhle ut 
Ojjis; and from there past the moJorn Baghdad and on to Knt it. 
kept within the channel of to-day. From Kut on to Ur of the 
Chalilecs* pa^rt Tel l>fi, the ancient Tigris followed the line of ih© 
modem Ifiii or Chirnif IminclL The country past Armini iind (Tiima 
on the nioderri Tigris was an immense sheet of fresh water kmiwn 
fis the Snsiiina T.ake. Tlxe le^*elH of the country |irove this beyond 
the nest ion of a doubt. 

The ] I met ion of the Tigris and Euphrates w'as at Ur of the 
Chaldees: and from there the joint waters of the two rivers tlowed 
past tlm Qiodern ^dieir and down Uie Biibian channel of the KJior 
Aiidiilla. The 3-f:ithoni lino depictnj on the British adininilty' charts 
el early shows the ancient moiilh of t!ie river north of Koweii, The 
Khor Ahihilla has two heads, one repn*ia?nts tlie joiiU w aters of the 
uncieni Tigris and Euphrates and the other the n ion Lit of the ancient 
iCariiti. 

The Karun Kiver lias played no pluuiU port in the formatioii <d 
tlie Tigris-EIIphrates ildta. While the Tigris and Euplual<^ have 
left all their deposit l>chind in tlii^ BidiyIonian. Cluildeun. nnd 
^jiiujiaini msirshes, the Karun has always liurried down from the 
Peraian hills and carried its siltdaden waters iido the Persian (liilf 
or into the joint stream of Uie two other rivers. It has been the 
sole factor in forming Hie cn>m|;har:itively liigh-l^dng land which 
stretches from Basra casiw'ard* This Longue of land protecLs the 
T igris-Luphralc^ swamps from the iE:hJt>ads of sea-water, and keepss 
them fresh. The Basra har is fonned almost entirely of Ivarun mud. 
The TigiLs and Euphnites mud lies far away to the west. 

Tlie ruins of all the Jiiure ancient cities lie near the jurictioii of the 
Euphrates limi the ancient Tigris nt Ur of tlie Chaldees. The two 
rivers had left tlicir de|Kisih> in the extensive marshes higher up their 
course, mid the earliest settlers luul to do with opaque wiiier, rich in 
chemical matter, lint free of siltp which would have ne^:^?ssitateil the 
prKTem-e of many liimds to keep thrir canals clear. A comparatively 
.filial! {lijpiilaiion c^uld begin and cfuitiniie the development of the 
cotiniry* and it was nnt until the inha hi bints hocame r\‘ally niinteroiis 
that the silt-laden waters higher up the rivers were taken in liaud. 

The liimls in the nuirshtis so rednimed ami ctdtivated la/eiiiiie 
extrjmrdiruirilY protliietive, as w© see to-duy. Thev weiv valujihlc 
enough to be protected from UixhB by imuicnsc dlkt^ nmning along 
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ibo bunks of tho riv'cn»i whicli can be fulbiiivcd to-day for ttiMcs iiptiti 
miles, with a widlb never under iOO fwt. 

The ^reiit viiliic of water free of silt for the early developiitcut of 
tlii.' country Ih the first serious les^n T have leaiTied froiiv an exanii- 
nation of the ancient systems of irrigutioii^ iind you will see later on 
how we proi>OH> to utilize this knowledge. 

rile Tigris and blupiirates carry in Jlond during a few days every 
year over four times as much silt as the Mle. Irrigation with siidi 
water will tie no easy task even to-day. It was terribly diJHcult in 
the old days when they hud no cement, and were ignorant of every 
kind of weir or baiTuge, except an earthen dam cojnjdetely shutting olf 
the Waters and causing convulsions among the |ieoj>le living lower 
down, 

U'Jiile the deveiopment of tho country was confined to tlio low- 
lying lands blessed witli water clear of silt, every'thing in the delta 
T^eiit on smoothly enough. Pressure of ]xipiilatinn imnie tho work of 
dcvclopmoiit udviitict! into the parts wlierc there was no clear water^ 
and then the dilEctilllea liegun. In the language of Genesis, the 
world l.ieoarne full of viohuice, A stnmg central goveniment only 
could have dealt with the question, and there was no irtrong govern- 
luent. Now the Itiiiphrates and Tigris Ikjods come down with extraor- 
dinaiy forw, and both rivers, Imt especially the Euphrates, overflcnv 
their banka in u way a dweller in the Nile ^’'^t!lcy eniild have nu 
knowletlge uf. Joseph’s famine would have lietui iiiipossible in (he 
Tigris-Euphratea delta. Noalra flood would have found tm nloce 
in Egypt. 

As men crowded ttp Iho two rivers, the nect'ssiiv of protecting 
themsclvi-s from tlie Hoods and at tlie same lime kWinff their eanais 
fitHi of Slit, ctmipelleil the early more iaiwerful communities to itiaort 
to the only kind of regulation ihey knew of. and that was the bold 
one of laalily shuning off the walorH of oertai,, of the brntiehes bv 
nirllicti dams. Judging fnim Uie levels I sliould say lliat ilm fii4 
head to l« shut off was that of the Hiddekel, or tlie modern SakU- 
hiwjit. mtd this was dosed notiiing rauhl be done with the up]icr 
half of the fieItii. Ihe struggle lictwccii the dlfrercnl communities, 
and the terrible eoas^uen<t>H which migl.t i^idi, intimidated tim 
more tlmiightfu iiicni ji'rs of the comniutiity, of whom Noah was one, 
and he prepait. for the worst, ife huilt tm ark of the poidar wood 

j t i bitumwi fnim Ilib, just as the boat.s and oormcles on the 
intehed to-day, A settler probably in the lower pan 

rtran^k!- moreover, are 

rtratigely deluded and low, he felt the full foi^ of the inundation. 

the flood discharge of the Euphrates was doubled, and instead of 
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tlic^ waters rising lit as in mi nrijinary iinitiduiioji, lliey ro!^ 15 
ciiluLs. or 24 fcrt. ami not ouiy whs the riiltinitefl land under water* 
btit llie drJ^rtE^ thenwielves were submerged. To men living in the 
Kiiphr^Ues Viilley iind in tlie valley of the Nile, the w‘nrd 
diies nc>t IT present a hilh but the desert. In the English translation 
the word mountain ^ re]>reserils something those people never saw. 
Ill the Ambic tniiishitian it b properly railed tho "jcbel.” A rise 
of water of 15 cubits could put no hilh leave alone u mouutaini, under 
water. 

While traveling in UpjX^r Kpfj^pt T have often licen asked by the 
less-iiifonneil slieikhs whether England was irrigated by hiLsin^ or 
by water eoiirse^ On my replying that Engliiml had no irrigatiun nt 
alL the remark bos invnrinbly l>epn* “ThenH. how do the pefpple livu 
in the "jelielP’-—pixJiioimced *"gobeI” in Eg>"pl. As dim^tor-gi'n' 
era I of hind-tiix adjustment in Egypt I was oiut viihiing the lauds in 
a Jorge basin, in the middle of which was a siiiall desert moniid some 
2 acres in extent and 4 feet high. On my HUggesting ihut wc might 
ignore so insignificant a patch of laiuL I was told that you could not 
tax the ” gehel.^ llentioning these furts to Colonel Raui> 4 iY, the 
British resident at Baghdad^ and to Mr. Van Ess^ the Basra mission¬ 
ary. who were traveling with me, luid just then on a steamer in llte 
Nejef mnri’licsH, we iigreed to test the matter on ihe Fluphrates. Ap¬ 
proaching Sid Ill! tut we saw the low degraded deseit on the horboii, 
und asked our lioatiiicii what that was. They iiiime<1ialelv replied, 
^the }cljeJ.*^ It was no more like a hill than Liidgate Hill is like n 
tnonniaiii. 

Floating olF In all probability from near Kerkdiiy where one of the 
shrifii^ of ihr patriiircli very properly stands to-day. and ilriven !iy 
the current and the wind, both steady fiom the north, die ark drifted 
southward and waiidcretl long in Cltulcleaii iiuirslics. Finally it 
touched land, probibly sonicwhert^ near Fr of the Chaldees, on the 
edge of the ilcsert. I say Ur of the C'hahlees, laTausr it ts heix that 
we find Tcrah^ the fatjjor of Abraham and the rcprcsi^utiili^c of the 
pairiarchV family. I think reailers of the Bible wdll agree with 
me that the representatives of the patriarchal fiiuiifies wore a sta- 
tjomiry kind of |5cople in place and liahiL^ It vrm the Cairis and 
'1 iiikalcuins ^vluj moved iiboiit* iindertuking new purs nits and making 
liiscoveriiL^. The fnet that Abraham, thi* friend of tTcnb should have 
wished to move made liiiu a marked man. and earned him his name 
of llebrew\ 

Ararat was the name of the di.'scrt moimil wdiera Llie ark resded; 
and when the families of the younger sons of the patriarch moved off 
anfl made new settlements^ they gave the nume of .Vrarat to the 
highest fiiountein tliey knew in honor of thtt spot where- tlie axk 
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This Ariiifitititn Ai'amt could no (imrc Imvc Ihjcii the Antnit 
whctc the urk rci^teil thnn Kew York be York, 

As I httvf tried to depict these early events, everything: hns l»pcn 
looked lit from the pcijrit of vie tv of the dweller in the nnhylotiitin or 
Chnldenii plain. And this in iiccord witli the opinion of the linle, 
Jfy friend, the Reverend Piof«.-ssor Sayce, lins siiown me a copy of n 
Chaldean map of Abruhani s lime, in wJdch the earth lieii round 
Bahyloii as a center. 

In following the histoiy of the delta tlie second lesson we hare 
learned is the necesriiy of controUing- the flofxls of the Euplirates if 
any scrioiifi duvelopfiK-nl of tJie coniilry is to lx* undertaken. 

^ The dwellers in the Liiphrntes delta, tired of iinarcb^' and confu¬ 
sion, gladly w'elcoincKi iiny strong man ready to produce order and 
inethcMi in n country which cmitd not e.vist without order and methiHl: 
and they found their “^miglity one in llie ijeiN^oii of Xiiinwl. accord¬ 
ing to tlenesis, or Khiimmiirabi, m'Cfwding to the tahletx The 
dwellers in tlie delta lo-day iirc in the same position. 1 have s^en 
eight hundred armed peusuats, a]] .Vniljs, volunteer to help the gov- 
eminent troo^ to kcej) order. Every Arab fniuily, like that of Isaac, 
has some of its sons after the jicaceahle Jacoh and some after the 
Beduiu Rsnu. In ^lesopotutniu to-<lay tlie would-be ngriculturlsts 
hai’p little chance, for whenever they deaiiv to settle, down troines a 
mighty fliaat and ixiiiverta them into waiidererH, the Hoods bo 
controlled an<l the irrigutioii works Iwgiti ojxratiiig. and it will 
seen that those on the side of carder arc more nunicroiK than those 
against it, and inoreuvcr far more eumest. 

This dispute Im< tween the ugiii'iiiiiirisU on the one hand and th** 
shepherds on the other is as old as (he feud lietw'oen C'aiti and Abel. 
Almut May 5 tins year, when tlie Hood was at its highest, f was riding 
up the left bunk of the Euphrates froiti Kamadi to Hit. and counted 
over 50 llm'ks of sheep tif almut 200 each, or 10.000 sheep in all, 

^^*^*^* VEillej from the cl(^^rt+ The appefimnce of the 
shepiierds made the agiiculturlsts nlerl, and on mv wav down the 
river in ii Imat the next day 1 heai d two shots rircd q'nickly. one after 
c ot ler. and in iin instant the cnltivuted plain was covered with 
men on torsebiick and on foot riishing to the spot, some with spades 
and some w}t|i gm^^. phiy were preparvil to fight the Bednin 
bhephiirds or the BockI. ifeeting one of die bead sheikha I asked him 
wliy they with! not arrange m [el some of the land lie inundated iiml 
some put under wheat ami l>ariey. He said that they could not agree 
I hilt WQiiltl (x* ptiMsofl to order and motho^l 

mateaii of the eternal fem|. t le added that if working rules wero laid 
(ovin, the ngi'irultnrists were sulltcienlly nunieroiia to insist on dieir 
being respected, 
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All the early kings who did any thing worth recording hHve left 
memoriaia of ilie r&nals they constructed, to which they gave names 
strangely aitnilar to the ^ Kaiiiitir il Khairia,” or ** bridge of Bless¬ 
ings,** which I he Egt-ptians apply to-day to the lir^t barrage con¬ 
structed on the Xile, 

As |>op)ilntlon increased we Jicar of reservoirs for storing water for 
perennial irrigation, especially for the important Arakhtu canal, 
which came down from Sippara and irrigated Babylon, 

It is recorded of Cyrns the Clreat that he, too, iililissed his army for 
digging numerous canals fiiom the Gyndes or Dyala. Many of these 
canals are in use to-day. 

Herodotus gives a picturesque and glowing descripTion of Baby¬ 
lonia in B. C, 4S0. 

Some fifty years liiler Xenophon, as becomes a rlisciple of Socrates, 
giii’es an exact desoriplion of the eoiiiiirj' ns lie saw' it. Book in hand, 
1 have followed his march in the dcllii from the Gates *’ tn Gpis, nnd 
1 lipfc give my impix’ssioiis. Cyrus the Younger's army entered the 
delta at the Gates already dcscrilieiL and crossed ihu valley of the 
t^akblawia by the great earthen einbstikment wliicli from all nntiijnity 
stretched from desert todcfHwl and kept the Euphrates w'ithin its own 
valley, Cynm anticipntetl llic reopening of the branch by Artiixer- 
«es, who bad dug a new canal dow'n the valley of the Sakhlaw'ia, 
testing to the steep slope to soon scour out an impassable barrier to 
his brother’s army. Hurrying along the dike, the army of Cyrus 
entered the desert plateau of 110 apiare miles in extent which lies 
between beluja and Bagdad, and over which Artaxerxen’s army ad¬ 
vanced under thick desert dust whicli looked like a white doud, 
Xenophon saw the first of the four canals, known in the times of the 
Khalifs as the Issa, the Sarsar, the llalik, and the Kutha, which 
leave the EuphrateA .south of this desert plnteaii. The first is in verv 
deep digging in the desert. He saw no more, aud spoke from hear¬ 
say of Uic rent, for be is wrong in every particular—a circumstance 
rare with him. MimI, he does not say that he saw them, The canals 
are not the same size, they are b)' no means the same distance apart, 
and they do not run from the Tigris to the Euphrates. In this reach 
tbo Euphrates is 25 feet higher than the Tigris. The hatUe of Cun- 
axa could not have been fought south of the desert plateau, as the 
country was intersected by four large canals and countless deep-water 
courses, and was, moreover* heavily irrigated. Armies accompanied 
bodies of cavalry, chariots, and baggage wagons could not 
have moi.-ed at all, leave alone maneuvered and fought. After the 
battle the ten thousand retreated in a northwesterly direction, with 
the rising sun on their right hand, and were entangled in the water 
^iir^ f^ by the new canal just dug by Artaxorxes and now opened, 
Aorth of Tel Saftra there are no dikes or trenches going north- 
4G745*—wi 
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ward. The Jlwhan ivall, I ihijtk. rtrelcliwl fi-oni Tel Safera to 
iVkliar Kuf, ami from there to Coclie. tijj the Xiihr Ifekhn, opprtsite 
Ctesiphon, It prolecfetl BoLylnuiu from the Assji-ians first, and 
then from the iledes in the pre-Persian fluji's: it took the place of 
the SakhUwia brunch, whirh. as nlrearly twice stated, was L-Io«Ki 
fern the earliest times, Artaxerxes o]}ened his canal in Anpjst. dur¬ 
ing the time of low supply, or there would have been a catastrophe. 

Keeping south of the Mefliim wall, the ten thoiisaml crossed over 
to tlie north at some ixnnt west of Akkar Kiif, ami winding their way 
round rlio Akkar Kfif depression. croKst-<] two cumila, l)oih coming 
f rom tlie T igris near Ximml s dam. Tlie In 11 er was the Izh aki ca nu 1. 
on wiiosc east Ivink was Sitaki, no| far from the modern Kaziinidri, 
rhey crossed tha Tigris by a bridge of iioats with the same iiiinilHrr 
of lioats that tlie Baghdad bririge had a few years ago. ia;fore it was 
replaced hy the present one of laiger I Hints. I'rom here they had to 
leave the river, as tlic country was heavily irrigated by the nunipr(nis 
csnals, into which CyULS the Great hud led tlie Dyafn. Tlie troops 
with the transport wagons Iiarl to folJfiw the road, whicli ^lonbt^e^iH 
then, ne now, went to Bakulitt, and so the ilistaiice covereti was 150 per 
cent in excess of tlie liec line which convnu'ntjitors ortliriarilj'' measure 
along. At Ojjifi they crossed the PhysciiS, or Adhaim ItiTcr by a 
bridge 100 feet long, and eiiterei;! deisert country. At ^lanjur, w’hieh 
Capt, helU ifones, of tiie Indian navy, unerringly stated to he tlie 
site of Opis, the Adliaim liiver flowed into the ancient I'igris before 
the river l.mrst into its present channel. Immediately to the north 
"f this point we leave the alluvium of the Tigris, and enter the 
nnirrigable marls which Xeno]3hon called desorts. 

Alexander's historians give a vivid description of the irrigation of 
the country and the dillicnlty the Babylonintus iiad in dosing their 
fa mils in flooil and clearing them in Inw supply. They descriUd the 
dosing of the canals in flood as by far the ninre difficult operation. 
Alexander enteretl into the work with all his energy and genius, and 
lo-day wg can only ndmire the judgment with which he treated tlie 
llindia branch or the Pallacopns, nnd the pmniptitude with whidi ho 
acted. The whole of the waters of the two rivers was used for irrign- 
lion in all hut the flood season, and .Vlexandcr had to removo the 
earthen harmges thrown across the Tigris before his fleet troidd sail up 
the river fucun the sea. 

In the time of the Sassnnian kings of Persia, in the early centuries 
of the Oinsttan era, the ddtn probably saw its greatest prospcrilv. 
The gigantic Xiihrwan Canal. 4<>0 feet wide and I* feet deep, irri- 
^ted all the country to the cast of the Tigris, and tho Di jail in igateil 
that 1o the west. Tlie Euphraletj gniT off the four canals already 
nientioneti by Xenojihon, and eiiruds fed by the Babylonian brand) 
from near Babylon irrigated the country right up\o the ancient 
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Ti^^rL^ or the oioJem Uui brunch* Auiiniunns MurcclJijius, who 
iniver^l the whole length of the tlcltu in the fifth of oiir 

em, ctescrilw^ the coimtry n.^ ii forest of vtrtlure from end to end. 

Tlie centers of developnient vuried from [leriod to perioiL 
during the curliest times Tel Seiihere. unci Ur uf the i'lntldees 
were the heart of the countiy; Sippuni mul Ihihylon look their place 
in Bubylaiiian time^^: mid Opis tmtl Ctesiphon in thut of the Persiaiisi, 

In the seventh ceiitniy of our era the Arulm overthrc'W the Persian 
Government^ luul snbstiUited Kufu* T\"asit. and Basra, us capitals in 
place of the earlier cities. Thm* scwjn gave place to Daghdad, w hkh 
till to-day has remained (he most iinpyriaiit town in the delta, 
Baghrhid b^uw its greatest flays aixaii A. D. 800, in the reign of 
IJartm-cbllfl^liid. Under the Amhs the procfiajriiy of the country 
steaidily declined, but the final blow was given by the Mongols under 
Zengis Khan [ind the Tartars under Timnr, in the thirteenth siiui 
fourt(.^entli centuries, I’revious disa.sters bud drtmchcfl the t'Oiniiry in 
waters it was now drenched in blcMMi In die Eiiiurchy and con fusion 
which ensued all the gmit works of atitjc|iiUy were swept u\vay one 
after anollicr, until not a single one remains tevdny, Kimrturs 
earthen diim on the Tigris w^is lireached, an<l the level of the wjiter 
in the river fell some 3a feet, leaving the great Xalirwaii and Dijail 
canals <lry and waterless. Ek>th l>anks of the Tigris in the upper 
part of the dehn became a desert* The Tigris, lower down its course, 
fared no (jetter* Near Kut the river breached its left hank jiiid 
wast^bd it.^df in (he nnirrilie^ on the Persian front ier* while the [Uicient 
chantiel past Wj^sit and I'd received a limited supply of %vater 
only in tlnnd time. The ancient dike acrot^s the Sakhlawia branch 
of the Euphrates was hmtcUedj, ami \Vi>stern Baghdad with its irri¬ 
gation system was wiped out* All the canals taking water fi-oni the 
Euphrates* which liad come down from u remote antiquity, the 
Sarsar. Jlelchaj Knthu, Araktiu Surot, XiL und silled up and 

ce«st^ running; and finally* in our day the Euphnite^ of niibyinn 
has dwindled into an insignificant sti'eam, and the wlmlo nf the 
waters of the river an? fiowdng through the Nejef mnrshes, Ttie 
Tigris lind Eiiiihnites, left to themselves, have deserted the high¬ 
lands which they irrigated in old dat"s* and are iinw' traversing the 
iowkiuLs mid marshes along the extreme en.st and west of the delta. 

Things wmnld have k*en far more desperate than they actiially are 
had not a new crop been introduced into the country which has jier- 
luitted of large areas of swamp l>eiiig tiirneil into valuable Helds. 
When rice first ap^>eare^i in the delta no fine can tell, but it is the 
most valuable crop in the eouiitiy tf>day after the flute crop. 

The debu of the two rivers has an area of some tS.OOfl^OdO aeries, nf 
which filjoiit 1),000,000 tire desert and 2*500,(KX) acrea fre^li-water 
swamp. In the upper parts of the delta there are stretchea of culti- 
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\Tiiion along the river baul^ in place? and along a mini bet of ^lali 
Iannis; but in tbe lower part of the delta there are inagnifiix^nt 
reaches of date groves and gardens iiiterfpersecl with clover und 
eercab, and large area? under rice in Hood- 
l^Ve have s^n that the earliest settlers in the delta clusteivd round 
the I caches of the rivets where the water wan fi^e of silt^ It is the 
same to-day. This water^ though free of siindt is opMi|iie in coJnr* 
and retains the rich clienii-cTil ingredients so neecs^rj fur agrirnltnre+ 
Ii is totally difTercid from die dark-looking, transparent water whieh 
hag stagnated in the marsheft^ 

The rainfall is on the average about 8 inches per imnum. I’he 
whob of the lain falls in winter, and there have Ijem years in sue- 
('essiun when the total fall has not exceeded 4 inches. Of such tracts 
PiU’sident Kooseydt, in Ids first rnc^^sage to Corigrt^, ha? well said. 
In the arid regioii it b w ater, not iand^ which measures priHhicticui-'^'' 
e tlierefore turn to the a mount uf water in the two rivers. The 
hiiphmteg lias u high llootl of 120^000 cubic feel [an' second and a 
low supply of enhic feeu Tlie corresponding figures fiir the 

Tigris are 180.000 and l0,0fH}. 

llie rivers are in flood in March, April, and x\lay% while August 
and .Septemlx'r are the months of low Hii|aply. We may* without 
the aid of reservoirs, count on IhOdO^OOO acres of wdnter cro[>s and 
JJtOOO^OOO acre? of summer crops. We shall have wdieat^ barley, and 
lieanfi^ in winter, and cotton, Itidiiin corn* and rice in sutumer. To¬ 
day ^ if the winter vn.\ti& are above the average, hirge areas tif latnl 
are {nit under barley^ for the disierts of IMesopotamia are not desertii 
like those of Kgj'pt* but in great part stepper capable of .Hupiiorting 
millions of sheep. The date palm is at home everywhere in the delta* 
while the Iha,Ta groves arc credited with 10,000,00(3 trees. Dales and 
whent arc considered as growing wild at Ana In 

Die winter sieverc and the Hmnmer i? verj' hot and prolongetb 
Lne gtock of cven^ kind is abundant and of su|x*rb quality. Old 
fa honied Pasha il Daghistani has 200 Arab mare^ in iii? studs at 
Aziucia, tm the Tigris. Live stock will ahvayg Ijc one of the principal 
LLVports of the ctmniry* 

The delta b stnuigely fiat. Baghdad, removed some 500 miles 
frtau the sea, is only 115 feet iibovc sen bvol. Opposite Baghdad the 
Hiupirates ig 25 feet higher than the Tigris, Bctwxen the two rivers 
runs B regular valley, acrass which are carricil the giant banks of the 
ancicTil canak like miniature hi Ik. 
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Ee^innlnp nt Beled, tlie dellit first consists of Ijare plains of cliiy 
with the silt linnks of cuunticss oannli^ showinfr wlmt « dcsjMnile 
fight the wretcfiGcl Hgi-iciilturists miide for csEisteticc when the ilunis 
were carried awjiy and the level of the water fell. We then have 
Hitontntc Stretches of level conn try cjovered with a thorny legnmi noils 
|jLint, which dies down in winter, and the same hni'e plains which 
wo met in the north. Xear tlic rivers are jungles of licorice plant 
nntl die same Jegiiminous tlirirn. On the rivei-s themseh’cs, but esijc- 
cially on the Euphrates, wherever there is n foiesliorij, there is a lux¬ 
uriant gi-owth of [loplnre and sometimes of willows, On tho upper 
EuphrutKi, and as one approaches Babylon, we (iiive great stretches 
of salted land interposed witli bare plains and low sand drifts. All 
this laud is capable of easy levoliiig iiiul reclamation, Tlie presence 
of 15 jwreent lime in the soil renders reclumuiinn very easy compared 
with similar work in 11 ic densi> dal's of Egj-pt, One is never far 
awuy from tlie giant banks of old canals and ruins of ancient towns. 
As otic gofi« suiitli the saltcil land increases in areu, and then the 
marfdiea liegin with their stretches of rice. On the lower Euphrates 
and on the Basra Biver are hixTirhinl date groves and gardens mingled 
with wheal and clover. The lower Eiiphratefi, past Xasrie and Suk 
es Shayuk, is a veritable garden surrounded with water, 
llie jiinctirm of the Tigris ami Euphrates is no longer at Ktirna, 
where it had been for oOO or COO years, hut at {iamiut Aii. near Basra, 
ii'iich IS AIcsojKitamiII lo-day, I'roni whiit has lieen already said, it 
will not he diliiculi to gather that the first works lieforc the hydraulic 
engineer are the protec'tion of tlie country from llmsls, and the pro¬ 
vision of Water as free of silt as possible. *I'he lends and survevs of 
the twelve engineers who are working for me In Baghdad, with a 
devotion worthy of the task they have imdertaken. ha\o shown that 
W’o can do Wth. We have already submitted to the (Jovemment a 
project for escaping the excess waters of llic Euphrates ilown the 
depi'cssions of the nneient Pison. the first of the four rivets of 
(IcnesLs. An expemlitiire of £y50,000 should kijUire for the work, 
anci it should take three years to cam' out. I am under and not 
over (ha mark when I .say that tlie ciiftivated a real will be doiiblrel 
and the yield of wheat treldtHl along tlie Euphrates the day this work 
is comjdeied. The cultlvatora to-day are afraid to sow iinvtUlng like 
the crop they i«uld put in j and. moreover, they ooimt on losing every- 
thing every third year. If Xnah had been an hvdmulic enginiicr, he 
would have cmistruclefi the Plson River escape iiistead of an ark, ami 
saved not only his family but bis country as well. This escape has 
been approved of by the Turkish fiovprniiient. ami the iieccfSiiiry 
funds have b<‘en assigned for beginnitig ji ijiimedlately. Its effect 
will be far-ieacbing. 
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TJiu sfurvi.'Yij and levels are now in linnd for a projcHi for th^ great 
rt*ntnil eanid of the ilelliu which will irripiHte a,000,fl00 acres of the 
best land in Mesopotamia, and carry water fi\M? uf silt. Northwest 
of BEt£:lKlad^ L>etweeii the Tif^ris mill the EuphretpSj lie^^ a ^Iraiigw 
depression kirnw-n as the Akkar Kuf Lake. It liaj> im area of 40 
scpiare miles at extreme low water, and iiOO sipiiire miJes when fiilL 
Its level is Si> feet below that of I he Euphrates, mul 10 Mow that 
of the Tigris, Into thiis depression runs the Sakblawia branch of 
the Euphrates, the ancient Hiddekel, or the third of the rivers of 
(Jeneais, with a chtnmel 250 feet wide aiui 25 feet deep at the head, 
w hich splits up into some iwent 3 ' small diannols as it enters tlie west¬ 
ern side of the lake. The heaij of the Hakhlawia branch will be 
provided with tw’o power fid ruf^ulators to conind the stippl\' leaving 
the Ellphrates;. On the Euphrates ilownstrefim of thi' branch will 
be El Ijarrngo to cf>riLrul the river itself, "lliese '.vorks w ill insure our 
supply from the side of the Eitphr!iti% 

On the Tigris we propose to coisytrnct at Heled, near liie site of 
Nimrod's dani^ n weir for ci.inti'olliiig the rher. This work will bo 
ak^ve the I'igris rapids, where the water is tit) feet higher than that 
of Luke xVkkur Kuf. From tlie U[istri;'4i[ii sieje of tills weir we shall 
construct 4i mnal to iirigaEe the rich lands north of Baghdad. Wlti^ 
an escape into the lake* The escfli>e will keep Ilia canal of silt, 
and feed the lake with Tigris water. We shall thus havo all the 
water we neetl from both rivcj^, entering the lake iiL Jt,s western and 
nffcrthern sidi's. 

From the southeastern end of the lake, near Ekglidad, will starl a 
ranai which will run along the right bank of the Tigris and finally 
tail into tlir Ilai branch or ancient Tigris near itf? head. In the djivs 
to ctime this canal will irrigate «k000.000 acrci^. but not now, Tlie 
excessive silt nf gome fiftecu duyii per annum, w hicli does all the mis¬ 
chief, w ill Iw decantetl in the lake, and so will all the silt we do not 
neeii. At cerliiin stages of the flotid, when i\w river water is not 
heavily c-liurged with silt, it will Isc jM>ssibIe to take in suppUiHi at 
dilTercint [x>ints gf the canal. All thef^e detaiLs wjil come later. We 
Jire now conremed with broad issues. 

The left bank of thk canal, wlimh T hIihII submit to the authorities 
to Ije cuIUhI after the name of the first constitiitTonal sovereign of 
1 urkey. w ill art ns a dike for protecting the connti'y from the Tigris 
HocnIs, and will, moreover, cany a railwny to transport the abundant 

again see Sippani. Kntliu, Nih 
. V ur, Erech, Tel Senkcre, and Tel I» imjKirtunt center^i of life uheI 
pnisperity. 


siltt it will not be necei^an^ to complete 
^ riigth of the canal before vve can l^egin sending down our 

PV 'Jt) BS we iUould hiive had te Jo with miiddv water. We shall 
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first, complete some 30 tuiles, und immrHjintelj iiiie the water for irri- 
Jtatinii in thLs reach wliile wt> are tiiggiiig the sccf>nd reach of 30 miles. 
In this way we shall waste no time. 

The work?) slmulil, I think. Ik; carried out on tlie following prin¬ 
ciples. Tlie GoTernmerit should iinrlortake the construction and 
maintenance of the barrages on the rivers, the main fr»e<lcr canals, 
the riniin drains, the imvigtitioti works if any. the lltjoil ^apes, and 
the tlood embankments. In this way the control of the rivers and 
their supplies would he in the hands of the lUithoriiieSL All minor 
cunRls, drains, and masonry works of eveiy kind should be left to 
the agriciillural couinniniir and to interested parties. In return for 
const lurting and maintaining these works they ivould receive title 
deedjj for the lands they irrigatctl. I had at first tlmiiglit of recom¬ 
mending the Chenah system of irrigation works, hut acquaintance 
with the people has taught me that all details should be left to the 
agrienltiirists tlieuisel Vcs. They have their own ideas, and will 1« t„r 
happier working on their own lines, ninny of which have ronie down 
from the reiiiijtest antiquity, and are well worthy of preservation. 

I huve shown Imw the country can 1 k' pmtected from Hoods, and 
how II beginning can 1* made with the irrigation of 3,000,000 acres of 
land capahle of producing atiinially 1.000,000 tons of wheal, and 
2,000,000 hundredweight nf ^witon. It now remains tn consider hnw 
we are going to get this prmluce to the markets where it will be sold 
ami Imw we are going tu disjHwe of the millions of sheep and inin- 
flredfl of thousandif of cuttle which the delta will contain. 

Every merchiiiu and inun of business 1 ha vet nlke<I with in Baghdad 
is convinced of one thing, and tlial k that the imckwnrd state of the 
country is due m great part to the fad that while communication is 
open by river with the cast, it is to the west that the whole produce 
of the count ry wants to find a way, li, this direction tlierc is no out¬ 
let. The principal prtKlurts of Meso^xitumia to-dav—sheep, cows, 
hnlfaloes, wool, liquorice, wheal, hurley, and rice-have their murketa 
111 the eastern llediterruneaii and in Europe, and alJ the imports the 
country stands in need of t^iild come most it‘adily from Euro|w. 
\\ hat is wantcil, therefore, is a cheap milway isitmectiiig Baghdad 
with the Mi’ditonwneaii by the shortest and dmapest line [Hissible. 
Such a railway would have its outlet on the Mwliterranenn coast 
ti^r Tyre and 8idon. These renlei's of oommerre did not pltice them¬ 
selves hy accident wliere we find them to day. They fulfilled the tif- 
quirenients of the trade of western A.siii, llaifii and Beirut, to the 
imniediate south and north of Tyre and .Sidon, are the modern rei>- 
resentatives of these old Bhueniciiin citiesv They are connected by 
railway with Dfitiifisirns, Vriy shnrtty TriiKilj, to the north of 
Btdriit, will be connected by railway with Homs, on the Damascus* 
Aleppo Railw'ay. 
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Any railway going oust from Datimscuis? or lionismiist pass through 
Palmyraj foiiudod by Solomon in Lsraors grofit dayB, and the qapital 
of Zenobio in lut^^r times. From Piilniyra will diverge the railways 
of I he future^ wbich^ will eidier go tiortli to Thapsaciis on the Eu- 
phmteSi, another creaLion of King Solomon, or to I^r Zor of the 
Khalifsp or eastward to Abti Kemal near Saiahia, n creation of 
iSaludin-s. The Damascus-Baghdad Railway will pa^s through Paf- 
iiiyraj Abu-Kimal^ Hi I, and Baghdad. At Abu Kemal the railway 
will tap only part of the iipjxrr Euphrates Valley capable of greal 
development. In the center of this tract is situated the rising towm 
of Mcyadin, on the sUe of the aneient Rehoboth* Xi Hit we have 


the terNiimis of free navigation on the Enphrates and tlie future 
port of the river. Rivers whose waters ore u.sed up in irrigation 
have their ports where they Ix^gin to lie navigable. 

The Euphrates upstream of Hit^ up to El Knim past Anah. has a 
narrow valley, but the curnent is sufliciently strong to turn large 
water wheels, which irrigate the countrj^ u]> to the i^ge of the desert- 
Upstream of Suk-es-Shayuk this is the only tract on either of the 
rivers which enjoya perennial irrigation without having to lift the 
water hy means of oxen or pumps. For the area cultivated tho 
population is very dense and the art^ps cscellent. We caii here form 
an idea of what the ecaintry will t>e when iiereimial irrigation with 
free flow is available over extensive areas. 

From SI Kaiin near Abu KemaL right up to ^Meskene opposite 
Aieppon, the current is incapable of turning wnter w'hcels, and the 
cultivation ia confined to the areas fIoodc<| by the river or irrigated 
by lifting macMnery* From Abu Keiual to Dcr Zor past I^leyadin 
the valley is very bn>ad^ nnii, judging from the ruins of towns and 
villages, mmst have been at one time widl cultivated. To-day the 
cultivation is coufinetl to the water's edge. From nb^jve Der Zor to 
J^leskcne past Eakka^ the smiiiner residence of Haruii'ehRashid, the 
valley ecuitracts and the givmnd is covered with den^ jungle, which 
supports very' many bulTaloeri, sheep, and cornels. Ot^casionally one 
meets a patch of rich cultivation, us iit Sfei^kene^ w^here an English¬ 
man had erected many water wheels and was preparing to put up 
a ^diorsepower engine and pump. 

The desert at Hit is flat, and only some 50 to 100 feet above tho 
level of tlie Euphrates Valley* This height gradually Increases until 
at Mcfikeno it U from 500 to 400 feet. For some mili^ on either side 
of the valley the tiewrt is broken up into ravines j but a.s one leaves 
the rher the desert Ijcconies flal. and wm described by Xenophon as 
King le\e| like the sea. Tlie farther uottli one goes the mnre un^ 
<lulatiwg the desert* but south of r>cr Zor the imduIntionB 

'L ^ lindjiig it3 way 

4iip irates \ alley. Gypsum is the ordinary mck, aDd there 
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ar^ oiitcrups of liizicstone^ while iinniense at^as are <!;ov- 

ered wiih pebbkis^ und ore known ha^^vik to ito -Vrabs- 

Diiring^ the winter montlis liic de&prta um? wavered with grass and 
the liolhzws Lire ^wti with barley. TIiLs refers to the country past 
Hit, TIjc rainfall iiiLTcases as one goes tiorthward, and by the 
lime om? readies Jleskcne the whole country is capable of producing 
barley with the aid of the rainfalb 

Tile tolEil length of ihe railway from Damii^iis to Baghdad will 
be 550 milcs^ whicli could 1>C!! constnicted for £"^ 5 ^ 300 , 000 , This allows 
£4,000 |>er mile along an easy alignment, while Nigeria being de¬ 
veloped by railways traversing more difficult coiiiitry at £3^000 per 
mile, Accordiiig to the Beduins and the Turkish officers who annu¬ 
ally escort tha sheep front Abu Keinal to DaiuascU^^ water is suffi¬ 
ciently evenly distributed to allow of hundreds of thousand:^ of sheep 
traveling from the Eupbi'atc^i delta to Damascus. 

In addition to the transport of the exiK)rts and imports of the 
Tigrls-Euphrfltes delta, tlie railway from Baghdad to D^ascus will 
be the highw^ay for the mercbniidise of Persia and for all the Moslem 
pilgrims of central Asia to the holy cities of Islam. It will carry 
all the mater is Is and fuel needed for the future irrigtition works of 
the delta, and when continued along the bunk of the great t>entnil 
eaiial to Basra, it will be I he idiortest route possible l>etween east and 
west, and will one day be carrying the mails between Europe and 
India- 

Though zealotisly advocating the direct railw'ny connecdtig the 
Tigris-Eujshrates delta wdtli the ilediterrancans as without it the 
development of tlie counlry wull not l>e pot-stiblej my hopes are centered 
in tlic delta itself, where it in my ambition to see the works carried 
out which we are planning to-day* I know that in these western 
countrie-s of Eurojie, where rainfall is timely mid abundant, and 
where ruin and disftster can not overtake a country in u day, we are 
apt to imagine that works of restomtion must also take long ycjii^ 
to l^ear any fruit. But in the ari-il regioiLS of the earth it is not so. 
There the withdrawal of w'ater tiinia a garden into a dessert in a 
few weeks; its restoration tuuchea the country a^^ with a magicians 
w anil. In her long hii^lory of matiy tliciusamk of years Babylonia 
has sigaiti and again been submerged, but she has always risen with 
an energy and thoroughness rivaling the very completeness and siid- 
denne^s of her fall. She has never failetl to respond to those who 
have striven to raise her. Again it seems that the time has come 
for this hind, long wasted with misery, to rise from tho ver_v dust 
and take her place by the side of her ancient rival, the land of Egypt. 
The works we are proposing ore drawn on sure nod truthful lines, 
sml the da}- they ore carried out, the two great rivers will ha«^en to 
respuod, and Babylonia will yet once iigain see her waste places be¬ 
coming inhabited and the desert blossoming like tlie rose- 
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Postscript^ May SS, 7^/(7.^incc deliveridg the lecture in Novem¬ 
ber, lOOfl I huve spent the winter in Mesopotamia, and slioiild like to 
add the following bs a postscript; 

That the region to the south of Ur of the Chaldees h probably the 
spot where the ark rested is further conlirined by these two facts; 

(I) A vessel drifting down the Kuphrntes with tlxe current and 
wind from the north and northwest would at Ur of the Cliuldfea 
meet the strong current of the ancient Tigris coursing down from the 

north, and would be driven ashore somewhere near the junction of the 
two rivers. 

(S) When at Ur of the Chaldees the other day we found that the 
Arabs calletl the mounds to the south of Ur NflawBa,” Now. “ Nu 
IS Arabic for “ Noah*” 

"^at those primitive and early peoples whose records we poaseis 
in Genesis were certainly under the impression that the whole world 
wi^ drowned out with the Tigris-Euphrates Ihdta is proved by the 
only explanation they could find for tlic great influx of people into 
the ™lley from the surrounding countries once order begtiii again to 
be ortabllshed. Tliey could attribute the multiplicitv of languages 
which began to he spoken all at once to nothing hut diWne anger at 
their Mtraordinary high hopes and ambitions. 

nie tradiUon of the flaming sword of the Cherubim at the Eastern 
gate of Paradise near Hit may have been cxmnected with the bitumen 
and nuphtha springs which abound in that localitv. The region to¬ 
day IS calkd *‘E1 XatitJm” by the Arabs.— ^V. WujAxicJiS. 
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ALBERT GAUDRY AND THE EVOLUTION OF THE 
AXIM.\L KIXGDOil. 


By Pn, BiANcrjiiTD, 

Pritfrimor nf fn ihn of f 


iTraiiftlrttod by jK^rmlisSloii from Rerqft i^i|(nik‘ Si’iniKt^ inirr* a]i[ill- 
qufcs, PfirlB. aoib yftit. Nn. ii. Jiattrh 30. ItHiO. 

French science has recently losi one of its most illustrious repre- 
^ntatives^ Albert thiiidry. My cherL^ihod and veiierated master, who 
has departed at iha age uf gl years, leaves l>ehiiid liim universal and 
pritfumuJ regrirta. not alone in the learned worlds bitt aniorig all those 
who had mcj him and known him^ and even HJnong those (and they 
blTo leifiDn) who have read his works—works inspLrei] hy the loftiest 
ideals. 

The scholar who devoted sisti' years of his life to science, in an es- 
chisive nnmnert leaves liehind him a shiidng track which brightly 
illuminates the history of ihe faunas which liave siicoeeded one an¬ 
other on our planet for about fifty inilUon years. 

(Landry occupied him^lf during his whole life in seeking the laws 
which presided over the destiny of those vanished faunas, and en¬ 
deavored ^ with aucc^essj to unite the various linbii of this captivating 
history. In doing this he liectmie truly tlio creator of a new science— 
historical or philosophical paleontology. 

I derfre to set forth brieQy in this place the charucteristieg of this 
fruitful work of Gaudry* Ilut T ask permission to ^^y a few words 
regarding the man liefore I oi.'cupy myself with the scholar. 

He was Uic embudiiiient of kindliness and benevolence. Tl^cge two 
cjualities were rnitivc to hiin+ All those who approached him, xvhetlier 
Frenchmen or forcignerj^, were won by hk charming urbanily and 
courtesy, A nither thin voioc gave a softness to his sjniech. If ono 
adds great nobility of sentinicfiil and iiitegTity of clmraeter, w'bich 
never wavered, one onis comprehend the sympathy tliat his name 
everywhere evoked. 

In order to com]>rehend the importance of Gaudry*fl work, it is 
necessary to go back more than a century^ and to recall the different 
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puths .iluiig wJuch hAve (kvflopecJ tJit* iJeas relative to tlw upiHiri- 
tiofi of the faiiniiA wlncli have inhulijteil the eurlli during its various 
epodis; 

I* lTr\’lEB AND uVjHBlQifir, 

At the Iwginniiig of Liic nine teen tli rtiitiiiy, the earlier works of 
Bmitii'cl P«lis.sj% Fniijas iJe St, Funds, Guettard, Buffon, and espe¬ 
cially Willtam Smith, Imd mnde possible a eomprehousion of the im¬ 
portance of fossils, by means of which the age of the setlimentary 
deposits of our globe could be detcrniincHj, 

The researches of Curier on fossil foimas led this talented nuturul- 
ist to annmince that there existed in the terrestTial strata a series of 
superimposed and distinut faiinafi, which had disappeared siiooessivelv 
and entirely under the infiuenee of violent geological catastrophe^ 
whidi he niUt>d the ‘‘ revolutions of the globe," New and ditferent 
faunas replaced the ancient fuiinns, not through new crcotiims, as was 
oonuoonly said, but by means of faunas derived from repotis where 
similar revolutions had not taken place. 

The revolutions of the globe, in the sen so in which Cuvier luider- 
stood dieiii, were not universal. They resulted from considerable 
elunges and extensive mwliflcations in the distribution of seua and 
continents, brought about by the formation of new marine Itinds or 
the submersion of moiiotaln chains, mod ideations caused by the cool¬ 
ing of the earth, 

Tht> two great treatises which sumjnarize the work of Ctivicr, one 
the Ret'hcrches aur les Ossemcnls Fossiles,” and the other, “Dis- 
coura sur les Revolutions du Globe,^ although more than « century' 
old, remain as models of dearness of description and of Ecienlifi'c 
inti^rpnitutioji. 

The first is the indisjicnsabie rcnieinbrHnce-r of all naturalists who 
occupy thernseJves with the study of Jiving and extinct vertebnite 
faunas; the s^coiul, of all geulo^ists or gcogniphers, ivbo find In it 
fit least iiie getms of the explajiution of the causes of the physical 
changes wrought in our planet, andHjf the laws which gijvcm them. 
Cuvier was^ therefore^ in reality the creator of palconiologjrp He first 
shawetiy coutrary tq the opinion of BuffoiK that fossj] atiiniols arc dif¬ 
ferent from living ones^ and, prompted hy the re^eardies of other 
naturalists^ such ais A, d’Orbign\% Al, Brongniart^ von Biich^ W* 
emery who occupied tliernselves more especially with 
invertebrate animals, a^ssertcfl that eueh stage presented |>ecuUar and 
distinct fo^iltL 

He therebj’^ not only created paleontologyy that is, tiie study of 
the fossils thomselv’es, but also that of the order of their appe^ruiiec 
on the globe. TliuSy he not only enlarged the boundaries of this now 
science, which is indispensable to sjoology, but he made it serve the 
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Deeds af gwlogj', in tbe Gxumiijjitioii of s«KiimciitJiry deposits. Thus 
hHJr (Eikrn birth from Oivier iind d'Orbij^iy stmtigraphic paleon¬ 
tology, tlio sister of zoologj- ftnd the es^rvtial basis of all rational 
geology-. 

Wo recall iji passing that d’Orbigny had didded the earth into 
twenty-seven ejsoclis, among which he distribiitod the 18.000 known 
raolhisks ami ecliinoderms. The hrnaiJ lines of the Heat ion of 
this natnniUsrt are still folloH-cil tu-tlay* Cuvier and d*Orbigtiy 
believe<l that they had established by their works the fi,xLty of 
?fpecics, no j their sudden appearant^e and disupxjcarunce in time^ due 
to successive cataclysins and creations. 

tr. Gmyrnr^Y sr. HiLAmt: atso MAiAUrKn. 

Tvro of their i.tinlenii>orflries, Latnarck ami Gwlfroy St> ITilaire^ 
arrayed Hgtiinst this '"^theoiy' of the nlisohite another theory, which 
was destined heneeforth to agitate the minds of all learned and 
thinking mein From this time, and armyed around these natEU-ab 
ists, were waged^ under the Ijanner of traiisfnnuism,** inonnierable 
scientihc iiiid philosophical battles. After n century of study niid 
research the discuSKion si ill remains o|5eii on irmriy fwiints* 

I^marck and GeealFroy St. Hilaire, contrary to Cuvier, d'Orbignyj 
and Brojigniart* planting theniselves on the study of living and 
fossil forms* claimed that there was no atiarp sc [>a rat ion Indwcen 
these different organisniii, but tliat a filiation existed between them. 
The first iminmls whicli appeared were ^‘^transformed" succovssivclv 
under different influences, leading, under the influence of heeds or 
habits (Lamarck), or under those of the environment (G. St. nibiiro), 
to the development or atrophy of ot-rtain organs. It was no longer 
held that there were successive creations, but rather that nature had 
produced nt linrt simple organisms, which little by little, under in^ 
fluences of wdtich we shall speak presently, were modified, trans^ 
fonned into beings arranged in series more and more complicated, 
more and more nearly pc^rfeci, from the amorphous, gelatinous, but 
living, ma«^ of the proto^xion to man. 

Lamarck, in his Zoological Philosophy, in which, iinfortunately, 
paleontological data played but a small part* prepared a genealog¬ 
ical tree of all forms of animals^ from the simplest, to the higher 
mammals (man e-veepted). This essay in comprehensive ^mthesis 
IS interesting only on account of ita spirit and the ideas on which 
it is ba^d. ft is inexact in n very great number of essential points, 
but it is the original foimdation on which later naturalists have 
erected more precise ideas, having for a basis a larger numljer of 
observations. It was, furthermore, difiicutt for Lamarck to produce 
other than u praliminan^ work* He lacked the knowledge of a large 



420 JLNJ^tJAL MPanr ^;^1ITHSDNIAN IXKTiTUnON, 1^, 

nujnbcr of tomh to Bupport nnd Cfstjiblbii it m a solid Imsis, and he 
should liave taken into eotisideration this important ]aw laid down 
by (jeoffroy St. Hilairei “The cmbiy'ologieal development of a liv¬ 
ing being Js an abbreviuted r^uiii^ of the phases thmijgli which liuii 
pii^swl the piileontologieal developmefit with which any given speeit^ 
is related.^ 

in* HARWIV, 

Forty years later llarwin, taking tip tlie ideas of r^niarek, guve 
to the tmiisformatioii theory such eclat tlml many scholai's hence¬ 
forth called it the theory of Dfitwinisni. 

Darwin, who had traveled much* in cniiseqiienrej had fwis 
nineh; who bid n prcaiiglons gift of i^bservation. and was possessiKl 
of vast erudition, added another iitiporiaiit argnment to the ihec^ry 
of transformisfii—that of vital competition. 

According to this great English scholar, iheix* was produced, in 
corLscqueJice of this competition among living foniiH, a ^natural 
selection aim logons to the iirtiliciul select in it employefl by inun ill 
the production of varieties in the vegetal world and in the uniiiml 
world. The l>est endowed apeeicas survived, but diaappearwi, in 
turtle before species letter organized. 

An extx>sition and disciiKsinn tif Danvin^s Origin of Species"’ 
need not l>e msidc here* It ia known to every one. lint it is rux^cHsiity 
to note and set fortli the grt'at feebleness of ihc paleontological argu¬ 
ments of Darwint arguments which, liowcver, ought to constitute 
the httsis of the whole theory of trnns?formatioiu because there ought 
to be an inseparalile lx>nd between pulgontologj- and Knotogy, It h 
Albert Gauflry, the rival and eon temporary of Darwin, who otfererl 
him this mdisiMiiLSiiblc support. 

n'* TirE WORK OK ALjllUfT OAI-l>RY% 

Bom in IB27 at fit. Germain-en-lJiye, .\.11>ert Gniadry was the son 
of the pi^ideiit of the rmler of barristers of Paris, an intelligent 
amateur of the natural sciences. At the age of '20 the young man, 
who, with his father, had traveled about the environs of Paris and 
had Ydsited the principal deposits of fossils described by Cuvier, 
shott^ed all irresistibk liking for geology and jnikontology* In iSoO 
he wiis attached to the geological lalwratorj' of the Museum of Nat¬ 
ural History, where he labored under the direction of d^Qrhigny, his 
brother-in-law, and Cordier. In 1852 his first work^ “On a group 
of EchLnoder[n^l (Slelkridic)^ and “On the origin and formation 
of flints of the chalk and of Ihe millstones of the Tertiary forma¬ 
tions’^ gave him the title of doctor. 
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1 . Pikermi^ fhe pvrenf of ancient icorltie and of tAe ptv«ent tporld. 

Cnmmissioned to visit the Orient, he Iravderl with his friend Dfi- 
moiir in Greece, Syria, Cypnis, and Egypt. In passing throiigli 
Athens ho learned that Duvemoy and A. fl'agner Iiad found not far 
frfun that, city, at the foot of Jilonnt Pentelicus, in a place tailed 
rikermt, traises of fossil vertebrate faunas. He nmde n brief visit 
to the deposit, and Inter obtained a commission from the Academy 
of Sciences to exhume the fauna which it coiitaineti. 

It ia in this contitry, over which hovers the genius of the ancient 
Greeks, (hat Gandry Ix'giiij to resuscitate an entirely new world which 
existwl many ages before the appearance of man. “ On this classic 
grmind his rtBcarchcs, his spirit, his thoiighl. have created once nioro 
and in another connection n classic IcHrality, for the Jiuiiie of AlU'rt 
Gaiidry will Iw forever united with the fuiinn of Pikenui,’* (Ad* 
dress of the pitsidenl of the lioyal Academy of ticienc^s of HerliiL'i 

The excavations at Pikemii, pursued for many years and with 
some danger (it was in the time iif the Crimean war), in n rnuntry 
infeste<l with brigands, yielded many tho use lids of stjeciuiens, repre¬ 
senting 37(J individuals. Tile akeletona of many fofsil animals could 
be entirely recouMtnuted. Gmidry eslnWiabed the fact that this rich 
fauna compristKl 35 genera, of which '20 ivere entirely extinct, nnd 5 
species scarcely urnot at all known previously. 

In ho country had ever been found a group of gigantic animals 
coiupan^ble to those of Pikernii. If the territory which these crea¬ 
tures inhabited had been is'garded in olden times h.s the home of the 
gnd^, and had witnessed Ihe splendor of the greatest geniuses of 
antiquity, the assemblage of creatures buried in the soil in a retnote 
gordogicul epoch alsn demanded vast area.s. 

“ It is mstssary to believe iliiit the plains were not alone moi'a ex¬ 
tensive, but also richer than in our day. The marble slopes of Alount 
Pentelkus. Elyniettiis, and Liiureium supporl for (be most part only 
lowly herbs, which furnlsJi focnl for l»ca, and it ts probable (hat hi 
ancient times there were, beyond these ari«l mountains, valleys with n 
luxurient vegetation, where prairie grasses alternated with magtiifi. 
cent fonsits, for the productiveness of the animal kingdom necessarily 
presupposes that of tlic vegetable kingdom.*’ (Gaiidry.) The 
fl bund a nee of herbivorous animaht demonstrates the correctness of 
this view in un indisputable manner. The landscape WQji, indeed, 
enlivened by two-horned rhinoceroses and enonnoiis wild boars, bv 
niuiikeys {.VcHopitAecu^ penteiid), carnivores of the civet fatiiilv, 
martens, cats, and hywnas, which dwelt in the caves of PenteUcus! 
while on the plains rangv>d (locks or henls-the liippariuns uml 
nnteloiiea of slender and graceful form, witli straight, spiral, or lyrate 
herns. 
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“Attica still po<;scAsed glraiFcs and other ruminants relatefl to them, 
which Gaiidry, hauntcfl by the poetry of ancient Hellas, called 
I/elidfit/tcriiiJtt—saj^rb creatures, which were tlioiight to have dis¬ 
appeared forever, but which came to light again, scarcely modilied, 
some years ago in the pasture lands of the Congti/^ { F. TeiTier.) 

The large mammals comprise an edentate with hooked lingct« 
{AjiciflofAerlutfb), two mastodons, a carnivore with large canine tccUi 
nml finally the cnortiious /haoMcrm/w. With these 
forms we reiiiark also the C/iiiltcot/icrtHm, the w-ild tmar of Etymaii- 
tints, the Anialtheaij gout {Traffoecrtui anti, among the 

birds nnd rejtiiles, the cock of Escnlnpius, the crane of Itlount Pen- 
tcliclis. the tortoise of the marbles, etc. 

Ail these animals were terrestrial and the deposit of Pikermi 
represents a torrential dept^it. In the cijoeii in which lived the fauna 
of which we have spoken, (Jrecce was iiniletl to Africa by a broad 
area and the climate was Hirnilar lo that of the latter, ft was not 
until Jiiiich later that the sepumtion of the two i:oiintries took place. 
The aniiiiEiIs buried in the ravines of Pikermi were swept into this 
place by the wutpr-contYCS of the ago, borderotl by a vegetation still 
African. 

The other condnsions drawn by Gaiidry from the study of this 
fauna were more ti'markablc, and it is of these especially tliut we 
wbh to speak. 

Gaiidry was not, indeed, content with carefully describing all tliese 
interesting forms, as were his conteinpomriesi. In pointing out the 
differences whkii separated them from known fornLS. ho was led tn 
consider the resemblances which tliey showed to other extinct forms 
nr to living forms* 

He sought the bonds, the relationships, which nnitetl the ancient 
organisms lo one another and to living forms* It was these relation¬ 
ships. these bonds, established by his intellect, which determined his 
philosophy, which constituted the novelty, the origiiisITiy, and the 
greatness of his work. These are the ideas which bring valuable sup- 
juirt to the transformiat doctrine. 

Afier^ having demonstrated that the fauna of Pikermi belonged 
to the Upper Mioctuie age. M. Gaiidry showed that there is something 
more fimdnmeDtal ihan the apparent variety of faunas. It is the 
unity of plan which bind.s them together. 

Among the examples cited by our author are the following: ‘^Tlie 
monkeys of Pikermi (SemTiojuVAcpuj pentiitci) are intermediate be¬ 
tween the macaques and the Senuiopitheci. They resemble the former 
in their limbs and the latter in their skiilj. The carnivore culled 
StmonfOH has the canine teeth of a cat, the premolars and cania*ssial 
teeth of a dog. while the form of its mandible and of its tubercular 
it to Hie bears. With Ampkicj/on^ and 
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Arctoe^oiv^ it binds this familj' tg that of tJie dogs, which to-day 
are quito distinct- jVjssociiited with animaJs half civets and half 
hyienjis one finds ti tme hyiena, intermediate betwcren the com m o n 
species now living in Africa, the spotted, and the striped hytenas." 
fOaudry.) 

In ooDiparing the fossils of Pikemu witJi iJjosc which one finds 
in more ancienl foriuatiuns, as for cjcaiijpie tliitse of Kansan (Gers) 
or Auvergne, siinilur refatiouships were discerned hy Gaudry, and 
indiented to him that Pikenui is not the only deposit which presents 
intemedinte 

“ He concludes that orgnnic types are not distinct entities, but that 
they ally themselves on the one hand to tlie older types, which can be 
L-ojisidcretl the ancestors of the former, and, on the other hand, with 
inore recent types, which may be regurdcil as their descendants 
The modifications which he discovers, in pasc^ing from a given form 
to a neighboring form, are bo mcoiiBiderable, the transformations are 
(» closely coordinated with the time, that he is led logically to con¬ 
clude that tlie species of fossil animals are not immutable beings, but 
that they are transformed into others; thiiL modification (cllanj/CTHCA/) 
is the supreme law of the animal world us of tbe phvsical world,” 
(Boule.) 

Thus Gaudry gave to the tlieory of evolution a more solid basis, 
one which it lacked ]jrev1onsly, the paleontological argument. And 
would it not lie strange and unscientific not to take into account 
fossil animabi. the .speoies of which are so much more numerous than 
iliL^ living:' fcmiis? 

The appearance of the gieat and remurkable work on “The fosisil 
animals ami geologj’ of Atticu,” in which Gaudry ex|>oiinded hia 
ideas on the fauna of thi.s region, marked an important date in the 
history of paleontology and of the animal kingdom. The study of 
the fauna of Pikermi established the scientific reputation of" the 
nntiira!]i^t among scholflni, 

2. iVotint Leheron^ 

Some yeara lator {in 18T2) Gandiy' undertook resenrtbcB at Mount 
I^beron near Cuenron (VauclijKe) in a formation havitig verj* dose 
unalogies in age and faunas with Pikermi. He was led to study thib; 
forniatiojj ^‘‘in ordrr to dbfcover whetlier not only the genera and 
families of mammBlSv but also the speeiii^s, have been immntablEs 
entities, or whether they do not show suiffident plaslicitv to indieste 
that they are descended from one another.'" 

The work on Lfberon was done while that on Pikenui was in 
progress- iind supplemenled it in many poinU. 
iri745'’—Su 28 
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Gfludrjr, after having drawn a raagtiifiMiit pklure of Mioeeno 
nature CTneluaed tJiat it wna cliaructerisied by the gn^it ilevciopment 
of lierbiTOrgtis annuals, and demonstrated that tJie niBmnialjs on 
account of tJieir complexity, Lad undergone much greater variations 
than the mrtTtcbfntita. 

nnoUier very important ideo, whid, had twen 
entertained by Ctivier, and which to-day furnishes valuable re.nils, 
1 rvfer to migrations, 

Xofahle differences are often found between two stu-i’essive formn 
in wiperimposed strata, and these differeiK^-s can only Ije exiilainiHl 
by the modiiicsition m the habilol of the rnihml^ Biit these modifi. 
cations were caused hy invasions or recesiions of the ocean, hy cieva, 
tion or depression of certain contineiiUil areas. UrieHy stated, the 
mot Ideations of a biological muupe in « region are deiiendenl, on 
m^lhcations of a phys.nil nature, the faunal changes iM-aringado^e 
relation to the geographical change... When I say that the differ- 
^co Ween the two suhstagt^ of the Up]ier Mio^-cne results freun 
mollifications in the habitat of the animals, I do not consider that I 
am pointing out an isolated fact in tlie history of the development 
of imng temgs, 1 here is reason to suppose that the whole organic 
world has proceeded in a continuous manner, and Unit if geologists 
encoimtcr sudden appean. rices of fnssi! sjiec-Ies iu pa.ssing from one 
It IS blouse they have, h general, pLiced tlio btainJ- 
. TK T f displocements of faunas l.ave taken 

fu l™:,.!?!'; wlio clocs not ladieve in migrations .md 

m local extinction can not admit the relntedri«,s of ancient forum of 

_ ’ yncountere appearances, disappearances, and revivals which 

ho IS unable to understand." ((kudry ) 

anJ bonds iietweon geolc«y- 

be should hT i ^ I ' no matter how eminent he may 

a^d a ™n]^i r i" he studies, 

1 patatolo^, “ tor.., .lion, i, ,|,|ip„l 1 „ 

3 - / i-imtttifr rephlfg tint/ ihr t!u;or>j of the att^hehjpe, 

Miocene timiiw^ *^^*^*^ '^^'nlulion of mamrnais at the cUmk* of 
noS f a^;r 'he important conclusions already 

of ihi TI TZ^ -amphibians and reptiles. 

Before this • I fntmd in the Permian schists of Auttin. 

unknown in Fro^ amphibians and reptiles were almost 

/”oS 4r/^lr’ tbo curious forms of Aiitun- 

niil their VlBniti^'f- ^ternorachh, ete,^and ]«iijiling 

the primitive vertebrates, and was led to discuss the .luestioii of 
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tlio ttinnnpr iii which the vertebrate tj-pu wim formed, and also the 
arehotjTiv, which has caused so many controversies among zoologies 
and cnilmyologista. 

According to the Jearned paleontologist, “ vertebrates are not derived 
from nnirnals which conform t(j the idea of tlic vertebrate ardictype. 
The iirototypcs of iJie i-ertebnitcs seem, on tin? contrary, to have 
been remote from tJie vertebrate archetype, since the at^hetype is 
siippci^ to Iw a oum|x>iind of vertebne. placed end to end and Httle 
modi tied, whde the principal character of the most ancient verte* 
brafes appears to have been that their vertebral column was incom¬ 
pletely formed, 1 he oldest- primary fishes were withoiif vertebrie. 
or at least had vcrteln~j the centrum of which whs not ossified. 
Equally, the firat nepdh's possessed remnants of the notochord, the 
elements of which w'erc completely ossified. It can not fie said that 
the head of the vertebrates is merely an expansion of the vertebra-, 
since the Iwnes of the head and of the limbs were formed before the 
ve^tGbrK^“'^ 

Tliese ideas are contrary to the thcoty of Oken, and many other 
theories, but the irtiportant conclusions of Gaudry are firmlv based 

on facLSi, 

4, tfmn. 

Before the appearance of bb grant work on Pikermi (1850) the sci¬ 
entific mind of (fandry was arrested by aiiolhcr std>je<;t, which had 
«|unlly raiscfl very heated mifl, at tiiiie^, violent discussicinB. It had 
to do with the diijcovory of fo&sil man, as a^cserled t>y Bmicher do 
Berthes »t the kigitining nf the quHteniary epotli, a discovery denied 
or strongly dbputod. In onler to solve ibis prablent, (hiudiy under¬ 
took excavations at St, .\cheti] (Somme), a IiX'ality destined to be¬ 
come as celebrated as Pikerini, and he himself collected in the quater- 
tmry alliivinm flints cbippe<l by man. associated with bones of animals 
tmw extinct large ca|tk\ ttchoy-hhiuf, the mammoth {Elf- 

phm primi^eRtus), and the bippopotumus. Thus was irn‘fiitaV»Iy 
denaonstratcil tliis <vinteniporuiieily which had lieen denied by some. 
This work formed the first rational scienlilic basis for h classifiention 
of the quaternary formations, wlnih later was ihe object of uii 
important treatise (Srateriab for the history of the Qnnlvrnary age), 
prepared in nsswuidion with one of hk young juipils, JI. Maivadliii 
Boule, who to-day is his siax-essor, 

Tlie scries of works of which we have st>okeii, works so original 
that each marks an epiKTh in |>iileoiilologj', led to the appointment 
of Gaudry as professor of paleontology' in the aiuseum of Natural 
Hbtory, in the pluw of Laiiet (18T2). He had there, as a lalmra- 
lory, a small and dark apartment, with brick Ikiors and worm-eaten 
windows tliat looked into the « WTiale Paleontological col- 
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properly speaking, did not exist nn yet. They were divided 
among various zoologists. It wns not until seven years later (in 
I67tt) that Gttiidiy' wu$ ablo to gain possesion of the fossils of 
Pikeriiti whicii he had eoHeeted and studied. The ixmevolcnt adniin' 
istration of the nmseinn pemitted him to a Hitle glazed E^bed. 
Tliis^ fortiuiately^ ^as only intended as a rnearn^ of obtaining a 
building more worthy of the pateontological riches which he wished 
to display and make known to all. But what a mass of persaasimi 
was neoessary in order to ohtain a putaco siiniliir to that nf m>logyl 
l^Tien the exhibit wns assembled and arrangKxl according to bis ideas. 
It [ippeamh tu quote the eloqiient words of M* Liard* like a hiiFtonv 
like a philosophy. It h m effect the hi&ioty of the animal creation, 
an interpretative history, rendered viHlbic and tangible.’’ In this 
splendid exhibit of the recovci'ed evidences of past ages, afraiigcd 
according to their appearance on the globe, one has in brief the hift- 
tori" of the animal kingdom^ from the radio lari an s of the Cambrian 
formatioDA up to the earliest of the hunmn races, already the IIi>nw 

Before arriving at this last stage, Gaudrv had brought together his 
ideas as investigator and professor in the form of treatises which 
ho ve had a considerable fame. 

5. T^i£ th^ fifiinuit kinffdom. The unil^ plan of anii^i/il 

kmgdmn^ 

After six years of teaching Gaudry brought nut his first volume 
on ^'The links of the niiimal kingdom—Tertiary fossils” Ett- 
ckitmeineF^ts dtt monde Fos»ile^ terfisire^)^ a work whose 

suggestive title caused considcrahlo enthusiasm among naturalists of 
all lands. 

Some years afterwards appeared the '^^Pritnary fossila’^ and the 
“ Recondaiy fossils,” This scientific trilogi^ siiinmarizev] a great i>art 
of ihe work and ideas of Gaudry. The word links 
reveals linfliciently the spirit which dominates it. There e.xisted Ibiks^ 
evident connect ions between tlie diverse beings which have appeared 
successively on the globe, and those which exist to-day. These last 
are inorely the resultants, or the remaiTidersT of an evolntioD of which 
the different steps are foiiiid in the geological series. Tlie Jiving 
w'orkl can be explained only Ihrougli a knowledge of the worlds 
which have diiiapjjearcd, Tliere is not a foR^^i] world nnd a living 
world, but a single world. Tf the evolution of different l^eingg whidi 
from lime to time have inhahitetl the earth has prooeccled under the 
action of natural eausifs (iiKKUfieations due to the environtocot^ to 
wants, to migrRlIona, to mutations, etcAt it appeared to Gaudrv ttiat 

tue causes th^misehos mu^ operate for the realization of a' plan, 
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and it is to discover this plan ami to explain it that lio wrote these 
rerimrkiible work^- and consecrated his life.” {Lkrd.) 

In 1B9C Gaodry pnbliidied another treatisF! as a f^upplament to hia 
"^Encbflinetnents.-^ Thb is the “Essay on philosophical pakontol- 
ogY,-" ill which ho reyealed hk thought on the problems raised by 
the study of paleontology* 

In a scries of cliaptery he showed thot animated nature formed a 
great unity * the devtdopfiient of which U was jK>ssible to trace as one 
traces that of the individual, lie passed in review the multiplication 
of organisms, tiieir diiferentmtion^ the growth of their bodicii, the 
progrci^ of their actLvities, their sensibilities^^ and Uieir iitleUigence. 

A pnietical idea which procrals from his studies Is that which re- 
lates to the determination of th^s age of the terrestrial strata by metizis 
of the stage of evolution of the animals found therein. “ Ko one de¬ 
nies to-day that by the aid of fossils it is possible to determine the 
age of format ions. It is admitted that each of them contains a cer¬ 
tain numl»cr of characteristic fossils. Why are they characteristic 
of one epoch j^alher than anolherl Xo one knevr fomicrly. and that 
could not fail to lie displeasing, liecausi* one doc?« not enjoy \vhat ono 
does not eonipreliend and has greal diffie'itUy in remembering. But 
If palcontoiogj'^ gives ns tho ai«i>iati«! of a regular evolution of ani¬ 
mated list 11 re^ it is evident that the stage of Jeveiopmeiit of the fos¬ 
sils corrc-spoTidE=i to their geological age. We tlien understand why 
certain fossils arc fuiiiid at a tertain horizon. The ^ages of evolu- 
tion of the fosiiiis which are brought to us for identilicatiou mark not 
only the modifications of organization, hut also of llic principal divi¬ 
sions of grologicul time, Tuking two different strata^ if 1 Biid that in 
one the animalf^ indicate a condition of evolution le^ advanoed than 
the otlier^^ 1 concludo that the foniicr an? of the earlier ago/’ 
(I iaudry.) 

Thus, iiecording to the state of development of the vertebral columnt 
the taih die teethi or the scales on the body of fishes one enm dis- 
tingiikh the Primary^ the middle of the Socotidar}", and the Tertiary. 
Koptilcs with the vertebral column imperfectly osisified indicate the 
Primary. The apogee of the reign of the reptiles annoimces the 
Secondary, llieir reseiohlaiico to types now living indicates the 
Tertiary* 

If oEK sliow to u paleontologifit feet or teeth of various anlitials 
of different epochs^ he will often EMiy, ^ this is the foot of an Eocene, 
OligoL’ene, or Miocene animalj” etc. Some modifications apart, the 
history of the discoveries of recent year*, those relating to the Pro- 
boscidianSf for example, offers a striking conrinitation of these ideas, 
ivliich lire only a dire<^ coroUary of the continuous evolution of 
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A. visit to the hfill of paleontology' in the Ikliiseiim of Natural His¬ 
tory will enable one to appreciate, by the aid of visible argumentK, 
the ideas expounded by Uaudry, It ia prccisolv on thfise arguments 
(as regards fossil species), taken from all lands, that lie has estab- 
lishod his doctrine in sober, pure and Lnnnuuloas language. 

In the last works which we have nientinned Gaudiy sht)we^i very 
clearly, by the aid of nuntemus sketches, how the transformist doc¬ 
trine W'as the only one which explained the history of fossil animals. 
He succeeded in doing more; he infused into this history a coiiunu- 
nicativc enthusiasm, a poetic charm which makes the reading of his 
books as attractive as it is instructive. 

But the scholar was now T5 year's cilil, Tiic ofliclal age for retire¬ 
ment had arrived for him, and it was necessary that lie should leave 
his pupils, with whom he had lived in the closest intimacy, and the 
collections which he regarded with a genuine love. The sacrLfice was 
BO painful that his pupil, HI. Baule, who had become in his turn an 
eminent niaater, when called upon to succeed Gaudry, sought to set it 
aside. Gaudry retained his office and nil his habits of life, and he 
remained in this hospitable establishment, which he had had so great 
pains to found, until the lust day of U)s life, Until the end be gave 
an astonishing e.xampte of continuous labor, lucidity, and productive¬ 
ness. 


fi. The faums a/ Putaifc^aiii, .1 p&j-t n/ fhe Aiiini^-tic worI4. 


From 1904 to lOOS Gandty directed his researches toward a world 
entirely new to him, to which the discoveries of Auieghinci hiul 
attractefl bis attention. This world of strange fojsll vertebrates of 
Patagonia, so disconcerting to a mind accustomed to European, 
.\siatic, and North Amerioon forma, attracted Gaudrj', The re¬ 
markable wllcctions mfliie by the young Frenchman, Tournoiier, of 
the most euriauB forms of this fauna, supplied him with material 
foi jjew studies, a'hich aroused lug enthusiasm, because here ugaiti he 
found probiema awaiting solutian. 

In three successive memoira lie expoumled the ideas which \m 
studies suggested. A sumniaiy of them is as follows: 


Eswpt m the beklimlnj? of m Tertlarj-, ibe iaoJ wammals of ftuafaitilji 
Wirt w ilely seporatcil from time of tlio Northem HeEilBiiLero- All itie 
KL>avn w'cn! dlftluct and ttw majority of tliGro to such a degree that It Is not 
t»Mlble to place Uiem In the njniera wrtBbllBliwl for the niiimtiuils of Europe, 
Bvaeni illlTereut, but the pro^roHS of k>wjli]tloa Lb nut Uic 

Heuilephere offow lu the 
^uSSut. m Anwrli’o abowa an arr«t of do- 

lutirefL toea, a Mltced UA^ ^ aiUmaJ became a nioiluani. a paohyderm wltb 
anthropolil nne. tLiIh U Mucontal caroLvore, or an 

Bliiec uiafltodana bortu-H. i ™ T continued tmtil the preeail, 

muflodan^ i,or«^^ a«r, imta. MnehaJrodl, which have lef; their 
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remains In Elio strata aldo b$’ eldt? wItEi tht tlciHciidiiQLi -of tl*e 

Tertiary iuJiuDla of i^lu^unlap aro too lilistinct to bo tranafonuaUoiitf. Tbcro 
is ho floobt Unit they enilpat^ from Nortli Amortcn. The fuuDJi^ toimcil on 
tiio eoll of wcro not iiilhlenced by tho new arrhTilijL lUitber thnii 

become luodin^ nainy of Uio d[eJ onl. ishowing to tin; end tbo Repnra' 

lloD of tbe Bon them workl fyotn the nortliern world. 

AnnJoefouH c^mdlUons extrted In Aui^titilhip wlier^ the maDinmlB baie 
Bcmcely the Etug^J4 nf our Eocone i^enerti. 

Thiia, Eirt! liOrfiicc of I he eortli 1^ dlTiiled Into twu portEunEfi the SorUiem 
lletulBr^here whore the Iuib iicen contlnuotiB to our chiy, und ivhoro 

Ufe in timnifosted tn nil Its mfigiiLllLiOiHire; mid the AntBrcUc r^i^onB whero the 
aiitmal kliiKdom liaB Ktitfoml an arrest of deToJtifHncnt Wby> Wc do not 
know yeh TliEsf is n new problatn whleb t-onfroEitB atudi^litB of the evolntlon 
of ori'uIIEsina, hut It Is not ne<?pi^iiry that two rooters of crentlon shoubE be 
iTcofinlaed. one In the Kortherti ^]ei£ilsi>here amt the other In (be i^utbem 
Kcnilsi^bcre. 

Gftutip' died at the age of Si, after having passed the ]ast yentB 
of his life in the study of Antarctic foraui. He left u postJiiJinous 
meiuoir, a vt-iy remarkable one, on Pyrotherium, one of the most 
ciirious crentutvs of the southern world, a work which will soon 
apjiear, ajid will be, as it were, a last honin.^ rendered to his 
memory. 

In the foregoing pages 1 have only skimmed over the work of 
Gniidiy, but siiICciently to sliow its variety and greatness. It is due 
to him and his contemporarlBs and his followers, Cope, Jlarali, 
(felmni, I.*idy, Scott, and Ameghino in America; Fowler. Seely 
Wf»odwanl, and Lydekker in Englaml; Neumayr, SSittcl. anil Riiti- 
meyer in Austria, Germany, and .SwitOTrlanJ; bourille, Boule, and 
I>cp«n‘t in France, etc., tlmt the evolution of the andent world lias 
lieeii definitely and solicUy established. 

But it is necessary to remember that Gaudiy was the precursor. 
By the depth of tlie protiJeins which he studied, by the inJlueiicea 
which lie exerted, and by his theoretieal conceptions, Albert Gaudry 
stands with Lianiarc^k, But lie is allfo, in virtue of his remarkable 
oliwrvations, the Darwin of tiie vanishetl faunas, and his name should 
shine side by side with the names of these illustriuus scholars. 




tv 
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CHARLES DARWIN.- 


Bjr AuatTBT Wejbua:(:t. 


FfirtT-one years ago, wLeo I deliverc^d my inntigijral uddre^ m a 
professor of thb univeniityj I tctok os my subject “ Tl^ts rrustifictitioti 
of ihi^ Darwiiiiun Theory.” It is a pleasure to mo to im able 
to lecture npim oti the i^aiiie ^subject on the hiindi'eclth aimivet^ry 
of the birth of Darwin* 

This lime, liowever^ I need not apeak of justifying tlie theory, for 
in the interval it has conquered the whole ’ivorldn Yet there remains 
much tliat may be said—much, indeed, that esught to Ixs said at the 
present time. In my former lecture I comi>ared the theory of descent 
or evolution to the Copemienn CoHinogony in its imjK>rtaiice for the 
progress of human knowledge, and there were many who thought 
the comparison extravagant. But it needs no apologj^ now that the 
idea of evolution 1ms been thortnighly elaboratedt and has become 
the basis of the science of life 

Yon know that Darwin w^as not the only one, and was not even 
the first, to whom the idea of evolution occurred ; it had ftrisen in 
several great minds half a century earlier, and it may therefore be 
thought an inju??tice to give, as we noiv do, almost all the credit of 
this fniitful discovery to Darwin alone. 

But history is a si^vcro and itie.\orahle judge* She awards the 
palm not to him in w'hose mind an idea first ariaes, but to him who 
BO establislies it that it takes a pcruinnent place in scientific thought^ 
for it is only then that it liecom^ fruit ft! I of, and nn instrument for, 
human progreb®. The credit for thus establishing the theory of 
evolution b shared with Charles Darwin only hy his contemporajy, 
Alfred Hussel Wallace, of whom we ?hall have to speak later. 

Nevertheless, a reflection of the discoverer’s glory falls upon thoso 
who, about the end of the eighteenlli and the beginning of tlie 
ninetcentb century^ wore able to attain to Ihe conception of evolu¬ 
tion, notwithstanding llie incomparably smaller number of facts 

“An deltvered nt the UnlvoraUv of Pwlburg on the oocaeloo of ttio 

Centeaarj of I^wrwto. HeerLuEed by iTomili^lcka from The a)iit™pomry Re¬ 
view July, 1000, 
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luiott-n to tbcm. As one of tlieiie inoaecrs wc muat not omit to men¬ 
tion our own. poett Go<Khe^ tJioii^h he rut her threw oti( premonitory 
hints of « theory of evolution then actunliy titugbt it. “ AHe Ges- 
talteii Sind iihiiJich, doch keine glek-het, der imden-, und so lieuict dcr 
Chor anf ein gelieimes Gcisetz.*’ 

The " secret law " Tvaa the law of ilesoeut, aiid thi; first to defitic 
tJiiji idea and to formiilate it clearly «s a theory was, as is well 
known, also a Darwin, Charles Darwiirs grandfather, Erasiuus, who 
set It forth in his tH»k, *■ Zooriomiu," in 17%. A few years later 
TreTjrajjiiSj a botanist of Bremen, pubiislied ji bpfKik of situilur 
purport, anti he was followed iti 180H hy the Frt*iichmun, Lamarck, 
and tlie GemiHti, Lorenr, Oketi. 

AH thtsie disputed die venerable Mosaic mythos of creation, which 
had till then been accepted ns a scientific doeumeiil, and all of 
tliein sought to sliow that the constancy of speeiett throi'ghont the 
ages was only an apjiearancc due, as liritniarck in panicuJar [winted 
out, to the shortness of human life. 


But Cuvier, the greatwt itoolugist of that lime, a pupil of the 
Stuttgart Karlsschiile, would have none rf thia idea, and held fast 
to the eojiceptiou of Species creultKl once for mIJ, seeing in if the 
only possible explanation of the eituriiguiis divertiity of uniinal and 
plant forms. 

And there was much to !» saiil for this attitude at that time, 
when the knowknlge of facts was not nearly comprehensive enough 
to Hilord a secure and scientific basis for the thi'orv of descent. 
Umiirck nJono Imd attempted to indicate the fortes* fn.ni whichj 
111 his opinion, the transmutation of species could have resulted. 

It was not, however, solely Ijecause the basis of fact was insufficient 
that the theoi^' of the evolutiou of organic nature did not gain ground 
at that time: it was even more lieeause such foiiiidntion as there 
for It was not adhered to. All sorts of vague ajwculations were 
iiidulpd Ill. and tJiese contrihuted nnd less to the supjiurl of 
r“*i far-reudviiig they heciime. Many champions 

of the ^^tl|J■plu!o^iophle ” of the tiuic, especially Oken utid Schel- 
1 ^, promulgated mere hypotheses as trutlis; forsaking the realm 
Of fact entirely, they attempted to oom,triict the whole world 

u,' * t * ^ speak, and lost t1ietu!>elves niore uiid more 

fn worthier: phantasy. 

a *ho theory of evolution, and with it 

i-^K especially with the true naHirgil- 

w !n^ facts, llm theory 

-timation 

M»»itwi.hpSi„»,phrcSp& 

the final battle betwhich 
me netween the theory of evolution and the old tlioorv 
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of creation was fouglU out by Geoffroy Sl^ Hilaire and Cuvier in 
the Piiriy Acad cm}". Cuvier triuinphG<b and thus it came about that 
an idea so important as that of evolntion sank into oblivion again 
n fter its emergenoeT and was expunged from the pages of science so 
cotnpletely that it seemed as if it were for ever buried beyond hope 
of resurrection* 

Scientific men now turned with eagemess toward special problems 
in itll the domains of life, and the following period may well be 
charneleristed as tJmt of purdy detniled investigation* 

Great fjrogrcss was made during this periotl; entirely new branches 
of science were founded^ and a wealth of linespected facts was dis- 
envemi. The development of individual organisnis« of which little 
had previously been known^ l^egun lo be revealefl in all its marvelous 
diversity; fiivt^ the flevelo[)ment of die chick in tlie egg: then of 
the fiogj then of inKi?i!ii:H anTI worms: then of spiders* cnistaceane^ 
starfishes, and all the classes and orders of mollusks, as well a^ of 
backlx>ned aiiiinala from the lowest iish up to man hiiiiz^lf. Within 
this period of purely tietniled investigation there falls also the dis- 
covery^ in animals and plants, of that smallest microscopically vj.bible 
building stone of tlic living l>o(ly, the celL and tliis discovery pave<l 
the way for the full development of the newly foundetl science of 
tissues^ histology* 

In iMjtany the chief progrt^ In this |>erjod was in regard to the 
reproduction and development of the lower plants, or eryptogamsj 
and the discovery of aJleriuilion of generations^ a mnde of n^pi-o- 
ducLicjii that had previously U^cn kiiow^n in several groups of the 
atiimal kingduni, in |M>|yps and niedusn?, in various worms, mid later 
in insects and crustaceans* 

*\t the s^mc time it was found that the proposition^ which had 
liitheHn Ihicii a!cccpte<l iih a mutter of course, tliut an egg am only 
develop lifter it luis been fcrlili^ed^ is not universally valid, for there 
is a develnpincnt williout previous fert il issation—part heiiogenesLsj or 
virgin birth* 

'rhiia, in the period betwreu the Xuiioleonjc war^ and 1859, an 
ever increasing mass of new fncLs was acciuntiluted, and among these 
I here were iio many of an iiiies[>ectei] nature that fnrtlicr effort was 
constantly being put fuirth In elucidarc detailed processes in every do¬ 
main. Tills was desirable and important—was, indeed. indisfKmsable 
to a deeper knowle^lge of organic nature. But in the. endeavor to 
investigale details miturulists forgot to inquire into the deeper causes 
iitid eorrehitioiiE, which might have enublcn] them to huilJ up out 
of the wealth of details n more general conception of lift*. So great 
was the reaction from the unfortunate speculations of the so-called 

Naturpliilosophie,^’ that there w^as a tendenej to shrink even from 
taking a comprehensive survey of isolated facts, which might lead 
to the induction of general principles* 
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How df?ep wfts tbe oblivinn into which the philo^ophiciil coiiceptions 
of the bcginjiing of the ceiUurj^ had sunk by the niiddk of it may be 
gathered from the fact that in my own student days in the fifties I 
never heard a theory- of descetit referred to. and I found no mention 
of it in any book to which I had acoesSi One of the nio^t famous of 
niy teachers^ the gifted unatonib-t, J+ Henkj tiad written as a motto 
under his pieturc. There is a virtue of renunciation, not in the 
domain of morality alone, but in that of intellect as welL^' This sen¬ 
tence was entirely obscure to me as a student, because I knew nothing 
of the intellectual e.vce«ses of the Natnrphilosophie,^' a ml I only 
understcKjd later, after the revival of interest in general problems^ that 
this insistence u(x>n the virtue of intdleclual renunciation was in- 
tended os a counteraclive to the over-speculationa of that ijeriixl. 

This was one^-^idetl. Init it was a neccsKiiry reaction from the onc- 
sidedness in the opposite direction which had preceded it. 

The nest swing of the pendulum was brought alxmt by Charles 
iJarwdn in 1350 with his bmjk on ^"Tlie Origin of Spci-ies.'^ 

Let us now corufider tlie devcIopmetiL of this remarkable man, and 
note the steps by which he attained to his life wr^rk. Charles r>iirAvjii 
was Ijom on tlie liith of Fehruar)'. 1300, the same year in wdiich 
Ii4iniarck published his Fhiloaophie Zoobjgi<|ue/" But he luid not 
bucket! in the doctrines of that evolutionist, or of his own grandfather, 
Erasmus I>urwiu. with his mother's milk. liis youth fell within 
the period of the read Lou from philosophical spoculatiun, and he 
grew up wholly in the old idtsis of the ei^eatJou of species and their 
immutability, liis binltpkt^ ivfl.es the little town of Shrewsbury, 
near the borders of Wales, where his father was a highly respected 
physician, well 10 do even according to Engliah standard^ 

If we think of Charles Darwin's Inter achievements we are apt to 
sup(^ that the bent toward natural science muit have been apparent 
in him at a verj' early age, but tbi.s was not the case, at least not to a 
degree suflicienl to ullrnet the ultention of thoi» about him. It is 
easy now, of courst% to say that the prononneed liking for ranging 
about wood aud lidd and volleeting. t|iiite uiLscientiiically, plants, 
beetles, and minerals, foreshadow-ed the future naturalist. Even as 
II boy Darwin w^as an enthusiastic sportsman and an excellent shot, 
and the finst snipe he brought down exciteil him so much that he w'os 
hardly able to reload.* But he must have been not merely a sports- 

“ I cna say tbe »qiine of aijmelf for, ulttioii};li In pij' ho^bood I Uld not ^tia^t 
birds, I hail a imBaEon for batterflj' huutSttR. Wlteti r ^iw iho rare Umvnrid 
pt^puU reatlag oa the i^^uiia (a front of uk: for the flrst ttme, I tirvauie m es- 
eLtedi that t raqin iiot at prut throw uet, and when 1 dlil tlirow It, thDuii^l] 
nlai wtfl u^nnUjr verr owiirate, I strtn-ft tiin hutierfly fililJqtiely over tin? wliip 
with the litiini ring of th'h neti ITIie tfatsw of thia awkward aliu are viable gd 
the wlu^ to tMi day. 
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mail but an eager observer, especLallv of birds, for at that time ho 
won tiered '"in his ^iiuplldty'" that every gentleman was not an 
ornkhologkL, so miieh was he attracted by what he observed of the 
habits of birds. 

The scliooi whidi he tti at tend at Shrewsburr in his ninth 

year was probably very similar to our earlier g^^innasia* Darwin 
bimself nnrmtainetl tiiat imtliing irould have worse for bis 

intellectual devetopment than this purely ctast^ioil in which 

nothing was taught, in addition to the ancient kngtiiigea« except a 
little ancient Iiistoiy' and gwgraphy. 

Ikrwin bad no talent for languages, and no pleasure in them. So 
he remained a very mediocre sdtolnft and his father therefore re¬ 
moved him from school in bis sixteentli year, and sent him to the 
University of Edinburgh to study medicirie* 

The condition of the E!ng1ish universititfs at that time must have 
left much to be desired^ for Darwin diaracterijice^ the majority of 
the lectures as terribly dullt and the time spent in attending them 
as lo^^t. MorenvefT anatomy disgtisled him, find the tedium of the 
geological lectures re|>dled him so that he vowed never again to o[>en 
a bock on geology, n resolution whidij happily, he did not adhere to. 

In his 8iuc]eMt days, m in his iK^hool time, he rojiuied ala>iit in the 
open air, ^metimes shooting, sonieliniEis riding, sometimes making 
long expeditions afoot. But even then he was not a conscious ob¬ 
server of nature, not a naturalist, but mthcr a lover of the licauty of 
nature and ii collector of all sorts of naluml objects, though he col- 
Isfctcd still, as he had done at sdiool, mUicr from the collecting ini- 
puLsc frecjncntly chamclcristic of yotith than from any real scientific 
interest. If he had had that interei^t Ins chief passion would not 
have licen the shooting of birds. Oih friends even found him one 
day making a knot in a string attache<l to his buttonhole for every 
bird he siictHi^iled in hringing down! Tims he must have been 
mainly a sj^ortsmaiiT a huriling fanatic whose chief desire was to 
bring down as iiiaii}^ birds us possible in ii day. However, this de¬ 
votion to s^xirt muHt have Mtooii him in good siesic] later, esiwctaily 
on liis great joiirneA", for through it he not only actpiirit^ ihe tech- 
nif]iie of shooting, but he duirpeiied his iiaturallj'^ acute powers of 
ohser^^ation. 

He rcmaiiUHl two yeai'sj in Edinburgh, and then entered the Uni¬ 
versity of Canibritlgt^ His father, who had olj^orved his dislnclina¬ 
tion for medicine, proposed that he should study thcologj', and 
Danvin knew fiiniself so little that ho ivas quite willing to agree lo 
the proposaL He oxeiuiiied himsdf very conscientiously to see 
whether he was able to subscribe to the dogmas of the Anglican 
Chur eh, and he came to the conclusion that he could accept as trutJi 
every word that the Bible contained. Tim was oertaiiily remarkable, 
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und provK that the '^ZotJiioiniu " of bi'^ grjindfaLber, ErH?mu.«i, hihI 
tilt' OfxrtrirwiS of TjainuFck, as far as be ivas iiequainted irith tbom, 
liati not taken verv deep root, 

So he proceeded to stndy theology. But he did it murh in the same 
way HS he had studied medicine in Edinburgh; he listened only to 
what pleased him, and that can not have Ijwii very imieh, for here, 
too, he complained of the dullness of official lectures, \cvprihelefts, 
at the end of throe years he passed his exnmtJiBLion quite creflitably 
and received tlie degree of R, A, 

()f tho greatest advantage to him in Oatubridge was his intercourw 
with tTVO d 1stinguisited teachers of the university, ami this inter¬ 
course probably guided him imperceptibly toward the real ivnrk of 
his life, One of thcK* teachers was l^rofessor llerislfnv, a theologian 
who afterwards accepted a living, hut w'ho had a Cf>mprehensive 
knowledge not only of entomology, but of chemistry, botany, min- 
eralogy, and geology. By Henslow, Darwin was introduefaf to tho 
professor of geology, Sedg^vick, and he, too, interested liimwlf greatly 
in the young man, taking him with him on his longer geological escur- 
sions, and thus giving him a most valuable introduction to the science. 
This proved of tlic greatest use to Darwin on his travels, and probably 
enabled him to make his numerous geological observ'ations. 

Other older men also admitted Darwin to their friendship, so that 
it is ohvioiiH that there must have lieeii something alxnit him even 
then which distinguished him fmiu others of Ids ago. His inieresls 
tiow iwgan to widen; lie came nnder the Klucativo inlluejut? of art. 
and studied the picture galleiy- in Cambridge, and later the Xaiiojial 
(Jallery in I/mdon. He gained the entniniie to a musical eirclc, and 
derived great pleasiiro from music, thnugli, curiously enough, as he 
tells IIS, he was almost destitute of *^ear,*^ and could nut even whistle 
**Ciod Save the King’' correctly. Ht was thus one of those rare 
persons who are exceedingly sensitive to the emotional etfect of music 
nnd yet possess little or nothing of its physical basis, the sense of tone. 

In addition to all this, Darwin retained his piu$sion for beelJes, and 
collecteii with such ardor that twenty years later he rectignixetl at 
sight stoall rare spwics he had found under bark or moss at that time. 
Jlia powers of observation had thus been awakenal, although as yet 
^ey were mployeil mamly to ridnister to his zeal for eoUcctirig. 
But collecting is not a mere amusement for the young nuturulKsI: 
It i,s a necessary discipline in stin’eyiiig n definite rangw of forms, ami 
It win not well be replaced by anytliiug else, One who Iiaa never 
CO leeted and thus never rnaile himself thoroughlv acquainted with 
a United «rc!e of forms, will find i[ difficult to fill' up the gup in bis 
attainments m Inter life. ‘ t- i 

In vacation time toward the autumn of etith year Darwin turned 
again With enthusiasm to sport, eitlier at his home in Shrewsbury 
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or on liis uikjIp Wwlgtwood's (urge ostate of Maff, He did not lose 
a pwwihle day from tliLf nraxisemejitj for as he says in his auto- 
liiogruphy^ ■' I ehonld have thought myself mad to give up the first 
days of partntlge shcMitiiig for geologj' or any other science.’' Tlius, 
notwithstanding IiLs interest in geology anxi beetle collceting, in pic¬ 
tures and nniaic, the old passion for the rhofje was still the dominant 
one; one pleasure croxvcJcd xipoti another, and the whole made his life 
a joyous symphony, so that he could say of ihnt (leriod, “The three 
ycai^ which I spent at Cambridge were the most joyful in iny happy 
life.*’ But in the midst of all the joyoxisiicfia of life he was under¬ 
going un inward preparation for the seriousness of it. \Vc enn 
gather from his own acconnt of that lime that the strongest impulse 
lownrd tin' study of iiatnnil science ceme from reading txvo worku 
xvhidi aroused his interest, Humlmldt’s “Personal Narrative” and 
Hei-schel's “Introduction to the Study of Natural Philxfctophy.” 
Darwin says of thew;: “No other book influenced me so much‘as 
these two.” He used to copy inng passages from Humboldt about 
Teuenffe and read tiieni aloud to Hciislow, He was very anxious 
to go to Teneriffe, ami men made inquiries in London about a ship 
to take him there, when an event hapi>ened which overthrexv thai 
project, Init at the same lime opened up the way to n naturalist’s 
cartser—the only one really suited to him—in a much more fatis^ 
factory matiner. He rceeixed a proposal to make a vovace round the 
world, 

^ It must ixpiwar to us singular that n young man who had just 
fiiiishrd his imivcj'sUj coiinse. imd haii tlcme no scicntiflr work of jinv 
kind, should lx invited to flC(;oin|>anY, as a naturalist, a naval vessel 
which xvas Ixemg seiu round the xvorhl by the Cloveriitianit for the 
purpose of making nautical oljscrviitions. It proves that Darwin's 
older friemls muit have had very high expectations in reguid to his 
future. 

Captain Fituroy, of the English navy, was looking for « young 
mail who wxMiId go willi him as naturalist, on a voluntary' feeing 
xm his voyage in the fle/jyfc, 

Darwin himself was nt once eager to accept, but Iiis father objected 
ven- dccidoflly, seeing no reasonable oljject in spending five years 
ranging over the globe. But he concluded bis letter with the sen¬ 
tence. “ If ymt can find any man of camion sense xvhn adYdses you 
to 1 will ^vp inv consent.- • 

The necessary adviser xvaa found in his uncle, Wedgewood. who 
as soon us he heard of the matter, immvdintely drove the 10 inilei 

from Maor to .Shitwsbury and persuaded the elder Darwin tlmt ho 

mufei iillfiw hU am to po. 

Thus it happened that Darwin made the journey which he speaks 
uf lutur ns ^tUe mmt impurtnnt (jvent of my Ufe*^ it wtidoubtcdly 
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wns. It was only later that he karoofl that even then ll^^? going was 
not R ctirtainty, for Captain Fit^roy, after ^ing liinu was in tloubt us 
to whetlier he idionld accept him* fnr a roas^on not eusv to g^ness—be¬ 
cause of the sliape of bis ncm 1 Fitsiroy was an enthusiastic disciple 
of Luvnterj whose doctrine of pliysiognomy was tlien widfespread. 
He believed that the shape of Darwin's nose proclalined a lack of 
energy, and he was doubtful alx>nt taking anyone delicient in ttiat 
<|tiaiity on such a journey* Happily^ Darwdifs friends "ivere able to 
repissure Fitzroy on this poitit, and ho mujst often enough afterwards 
have had opportunity to convince hintsel f of Darwin^s energy. 

Thus it was apparently by mere chance that Darwdn gfit the oppor¬ 
tunity to develop uctually into the great naturalist w^e iicfw know' that 
he must have been potentially. Rut I do not believe that this is a 
correct judgment. His inward impulse would certainly have forced 
a way after, he had been led to perceive, through Humboldt and 
Hersehel, what the way for him was to be. And even at that Ume 
no serious obstacle would t>e likely to stand in the path of a young 
Eiigliahinan of fortune who wusheil to explore foi'cign hinds and seas. 
Rut imdouhtcdly ilihs manner of traveling for live years through the 
iiCaa and countries of clilTerenl zones was particularly udviintageous. 
And Darwin used his opportunities to the full. On board ship ho 
studied the beist books, especially LyelFs' Principles of Geology,^ 
but lie also collected certain kinds of naUiml olijecb=, and investigated 
all tliat came in his way, keeping a detailed journal of everything 
that struck him as worthy of note in wUat hi": oljserved- Thus he 
l>eranie □ well-infoniicd and many-sided naturalist. Rut he valuefi 
much more highly than any other result of the voyage the habits of 
energetic industry and concent rated actentiou to whatever he had in 
hand that he then acquirtai. And thtiH he became the great naturalist 
for which nature had designed him, 

Darwin published his journal later; it fills a closely printed volume 
of 500 piigt>H. Like all his Uioks, it is ehnracteriaietl by a simplkiLy 
and straightforwardties 5 s of expression; there is absolutely no striving 
after sensutipiiul effect, but an innaLe enlhusiusm and truth pervades 
il, and I liavo always found it most enjoyalde reading. Other people 
Tuu^t liave found it so, too, for by 1S34 11^,000 copies of the Englkh 
edition had been sold, I ci^ not here give even a brief mxmuiit oi 
llit‘ voyage of the I rail only say tliut work lay chiefly on 

the southern coast line of Amerieu, and the journey included tbe east 
coast of Rnldu lo Tierra del Fiiego, and the inhospitable Falkland 
Inlands, and the w'c-tiTn cosist to Ecuador and Peru, 

This occupied several years, and tlius the young explorer had a 
chance to make himself thoroughly acquiiintetl with a great part of 
the South Aniericaii continent, for wliilc the ship lay at anchor 
taking sounding^a in some bay or utlierj Darwin ranged over tlie 
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country on horsebjicli, in n bont, or on foot. In Brazil, on tho plains 
of lilt La Plata Biver, and In Patagonia be made excursions into the 
inlcriur ^Thicb laslotl for weeks, and he was tbius able to see and 
investigate everylUing that interested him. 

In all hifl deseriptioiis of what he saw his keen appreciation of the 
Ijeaiity ami grandeur of niittu^ are manifest. Tlius bo writes from 
Bahia on the first day of hie arrival in South America: The day 
lius passcfl delightfully. Uelight itsolf, however, is a weak term to 
cxpi ess the feelings of a naturalist who for the first time has wandered 
by himself in a BrazilIflu forest. The elegance of the grasses, 
the novelty of the pamsiticnl plants, the beauty of the flowers, the 
glciB^ gi'een of the foliage, but above ail the general Inxiiriunce of 
the vegetnlioli, filled me wiili admlnilion. A most paradoxical 
mixtiirt! of sound and silema.' iiervades the shady parts of tlio wood. 
The noise from the insect*! is so loud that it may be heard even in u 
vessel aneliored several hundred yards from the shore; yet within 
the recesses of the foresrt a universal silence appears to reign. To a 
person fond of natural history aucii u day aa this brings with it a 
deeper pleasure than he can ever hope to experience again (p. 4, 
1884 ed.). 

Not li^ delightful are his descriptions of the monotonous and 
almost endless plains of Patagonia and thelji Plata Biver, over which, 
accompanied by Cbuidio Indinn-S he rude for many diiya; or his 
ac'oount of the wild mountain scenery of Tierm del Fuego, with its 
gloomy evergreen woods, broken into by deep inlets and bays in 
which whales disiwrted themselves, and its moimtains whose dark 
cloud-laden summits are swept by the mest violent storms. A 
dilTcrunl picture is called up by Darwin’s description of his ascent 
from the ’* Vale of Paradise " {Volparaiso) up the Cordilleras to a 
height of 13,000 feet, and the view from there dowm upon the coast 
region and the Pacific Ocean far beneath him. And how many 
other passages might be cited ! 

He eared, however, not only for what, was beautiful, but for what 
was most iiueresting from a scientific point of ^iew. Thus he dis¬ 
covered in a pass in the Cordilleras a stratum of fossil shells, a 
proof that this place was at one time a part of the sea floor, and 
that therefore It had been raised in the course of ages more than 
13,000 feet. 

His journal coiitaius a wealth of oliservaiions about plants and 
animals us well as about man and many detailed accounts of the 
geological sitructure ctf the countries visited, ^Vc see how well his 
Cambridge studies and the excursions he made there hnd prepared 
him for this W'ork. 

I can not enter into any details of his observations, but I must at 
least mention those which, deal with the facts that led him gradually 
40T45*—fill 11*)0-20 
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to clmii^ lih prerictt.^ riew^ lii regard tc» thp naluri' nnd origin uf 

When he iirst Ix^gan his explortitions in South America he ttoSj 
as he expressly says, still completely under the itiflticnce of the 
dognui of the treat ton of species once for alt, ami Lheir imumtabil itj, 
jiiid lie rrgiirdcNl it as UDiissfiiJabte. But vei^ soon he was stnu:k 
by t^rtaiu facts which seemed to him ditliciilt t<i reoonelle with this 
dogma, and tiirst* inorea^] in miniljer in the course of liLs Journey, 
till finaily they lc<l him to the eon^ietion that the old position was 
untenable, and that the organic world hud not been creatMi irnmu- 
t»bk\ but had shnvly evolved. 

T ^select two of these phenonicna, first, t!ie occiiriT^nee of the foissil 
I'oiuLuns of gigantic mamdmls m the dlinvial stnUii ijf iJie great 
plains of I^i Bktn and Patagonia. Darwin (mud ii gigantic iirina- 
thilo fDo#yyjujf iind ho was led to ask Jiow il 1iap|KUicd lhat 

am a 11 urmrkdillus now live in Simth America^ whereas they do not 
owiir, either living or fossah an^nsdiere else In the wurkl. The answer 
was vaiiy* if it w'as pussibio to assume that the [m^-^eut-djiy HjXTies 
were dcsi'cnded fixmi Liie diluvial forniSj or from other smaller^ still 
undiseovere<J forms from the same period. But he was es]?eciaUy 
impressed by the fauna and flora of the Galapagos Island:^, which 
lie under the equaior, 500 nautical miles to the west of the S^>uth 
American coast. 

Oji these isohiied and comparatively hairen vok^inic islands there 
live many animals which could not fail \o arrest the attention of the 
naturalist—land birds 'kvhich are like those of the neighboring cimti- 
nent, and are of purely American type, yet are not identical but 
closely related species, ilost of them are so-called endemic 
species, that is, species which occur in no other part of the world, 
lids was striking enough, but the matter proved even more reinark- 
alile on closer investigation, for several of the fifteen islands of which 
the archipelago consists possess s^jceics of the same genus peculiar 
to themselves—mocking ihru.^heSj for inJrtnneeT which are repi'eseiitcd 
ill the other islunds by similar but not identicnl specicii. 

What inference is possible from iheise facts except that, at some 
earlier period, bird migrants from the neighboring continent had 
landed on these volcanic islands, and In I he conri^ of thou sands of 
years bad varied, that is to say, had become distinct species on each 
island t 

Tlipsc and mlwr phenomenn aroused in Darwin s mind tbe idea 
of evolution, uud he resolved to <levotc his iitteiition to iliis proldcm 
after he wtiirned iiotiie, for he wus |)ersiiadeii that he could aUaiii to 
certainly in regard to it by patiently collcetin^r facts* Tims he set 
himself the task of his life. It may be well to inquire here whetlier, 
or to whut extent, Darwin had taken over the idea of evolution from 
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his predeccssnrs ul the beginning of the ceritiiryj imtl esperially from 
his grundfiitlier, It is certain that at 16 he had nMid the 

“ Zouiiimiiu,'* und that he admired it. He relates iu hia luitobiogru- 
pli3’ tliitl, duriitj^ his etiidcnt duvs in Edinburgh. Doctor {.vrant, ofter- 
^vards a pre/essfOir at Oniversity College^ London, spoke to Uim, In 
the course of a walk, in the most enthusiastic manner of Lamarck and 
his ™ws oil Gvoltitioik Darwin lUictied to tiiese Ticiv.s wilji interest, 
lait was in no way impressetl nr convijiced iij- tiiem. The Hiinie is true 
of the ‘‘ Zoonomiii,” and when he reread it fifteen years later he was 
disappuinteil in h, “the proportion of s^KeuIation Ijeing: so large to 
the facts given (p, SS), 

Thus Dai-win was quite familiar with the views of his grandfather 
uud of ioiiiiarck, IniL it was not these Liiat Incited him to follow in 
the same [iiiths^ it was i-atlicr his own observatiouH of nature that led 
him to ubaudou hts old upjiiiunH, and it was only after long j'eats of 
invt>atigatiou, study, and doubt that he gained snllieiciu certainty to 
venture oh giving his ideas to the world 

I must ref re in from saying more iilmiit this Journey, which was so 
fruit fill for Darwin hiniaelf and for science; the two groups of facts 
of which I Imve spoken were undoubtedly decisive in their oiTect 
on his conception of nature. In December, 1S36, with a wealth of 
great impressions and rich experiences in all the donutina of nalurul 
science, his mind oonmitruleLl on tlie new id™ of evolution. Darwin 
relurneti to his fatlierlund after an absence of five years. 

Two yeai-s after liL n-tiirn he marriuil, bought the estate of Down, 
in the county of Kent, and retired there to sjwnd the whole of tho 
rest of his life in constant work, but also in constant fellowship and 
personal touch with the most prominent iiatu re lists of the day, who 
wore readily accessible In Dmdon. He gradually came to have oor- 
respondetua? also with many riat umlists in other enuntries. 

His*S:hicf pleasure and constant occupation was his work, which 
sumetimes even emililci] liim to forget the daily illsconifort due to 
his Uealth, w'bich had la-en bad ever since bis voyage. From tha 
very lieginning of the voyage ho had entfered fi-oio severe and per¬ 
sistent seiiKicktiessi, and his constitution IukI apparently suffered last¬ 
ing injniy. for in his autoluogi-aphy ho often speaks of being unable 
to work iiraiHse of illness, and somelirnes of having lost days ami 
weeks, and on one occusioii two whole years, from this cause. 

In dealing with his work ji is impcKaiblc for me to s|jettk of all 
the important volumes lie ptihlishoil in the course of bis life. The 
first were the rciiiilts of his voyage, various geological observations, 
tiud It new theory of the origin of coral Lshmds. 

LTp till that time it had been believed that t he so-called atolls, or 
lagoon reefs, had Ifoen simply built up by the coral polj-ps from 
the ocean floor unlD they linally reached the surface, where they 
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fortiits] flat iAknds. Diirwin recognized thiit tlie process could not 
Ik* quite simple, lircttitse the poly pin citti not live ut grcAt lieptlis. 
lie therefore assumed that a secular subsidence of tVie ocean lloor 
III list have r>)iiye<l a part, and this iiypotbesls not only explains in 
the most Ixiaiitiful vray the details of the structure of an aioll, but 
it has been brilliantly corroborated by later investigations^ cs|MH:tally 
by )A)rings on one of the islands, and the theory is now u iHiniianent 
fHissesstoii of science. After the completion of this volume be worked 
for eiglit years at the rich iiiatertiti be liad brought £ 1 * 01 ]! the coast of 
Chile, of that muurkable group of sedentary crustaceans, tlie Cirri- 
pedes, ii.Hiially known as barnacles and acorn shelL,. Two thick 
volumes on this subject apiicared in 1851, and later two other quarto 
volnines on fossil species of ibc same group. Even here, in this appar¬ 
ently dry and purely systematic province, the true spirit of the in¬ 
vestigator revealed it.self, for he did not neglect what was nnintelUgi- 
ble to liini, and therefore inconvenient for bis theory, but devoted the 
most persistent nttention to obscure points until be had found a 
solution of the diHiculty. Thus he discovered that within the group 
there «!■« species which, like all Cirripedes, an* hermapLirodite, hut 
which poa^ess in addition small degenerate-looking males €>f dif¬ 
ferent stnictiire attached as parasites to tlie berm aphrodite auliniils. 
It is, however, only in our own day that it has become possible to 
iindersliind llio deeper sigiiificitnee of this important discovery'. 

In addition to these special pieces of work Darwin collected ivitli 
rmtiriiig energy facts which had any bearing on the theory' of traus- 
niiitatioh, having bcgim in 1637, just after big return to England, a 
large <i»llecting notebook, in which ho entered all the facts referring 
to the variability of nninials and plunls, in parlirubr of tiujse whidi 
are under the care of man. By means of printed lists of questions, of 
conversations with expert breeders of animals and phut?, and of 
wide reading in books and joiimalg, he sought to lay tlie foundation 
of fact which he required in order to attain to clearness in regard to 
the supposed transformation of organisms. 

lie nag ven’ so^ led to the conviction that the essential factor in 
the artifidnl nmditicatiDn of an animal or plant form was selection 
for breeding, ^ But how could stidi selretion take place in free naturef 
For It long time he was unable to find the answer to this <titestioii, 
until chance made him a^iiainled with the work of the economist 
a thus On I opulation,’ and the ideas developed in this book slig¬ 
hted to him the .solution of the problem. .Malthus diowed that the 
hitman population miihiplied much more rapidly than the means of 
subsistence could increase, and that therefore eatostropbes mu.st occur 
from time to time to diminish the excessive number of human being,. 
DATOin ^id to himself that in tlie rest of nature, among other form-* 
of bfe abo, an enormouB number of individuals must perish, since 
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nil thnt Wert born could not survivi^j juid since the gi'oater purt of a 
specks furiikhes food for iwnns other sj>ecies* Thus the ctuscless 
struggle for existence ” l>ecnme clejir to lihii^ and suggested the que*- 
ijoji whether it was iiiei'oly a mat ter of chance which of the many 
born sluiuld surrive and wliich should perkL He concluded ihut the 
answer to this question wita, cvidei!ll}% that favonihle variations 
would have tim'd prospect of survival than unfavorabk, and tliuR he 
dt^uvered the principle of natural selccsion—iliat principle at once 
HO aiujple and so ixjwcrftilj which alone euablisH ns to understand iho 
traiismutulion of orgntiistus in adaptation to tlic ponditions of their 
life. Bui it was a long titne before Darwin ventured to publish this 
luminous idem For his own satisfaction ho wroto quite a short 
sketch of it in lBi% and in he expanded this to ti30 pages; but it 
was not till the fiftit*^ that, urged by his friends Lyell and Hooker^ 
he resolved to give bis ideas to the world* Even then lie might havo 
detiiycd publicaiioin but ibat m the ineuritinio the same idea bad 
tjccuri'ed to Alfi-cd WallacCj in Termite^ in the Malay Archipelago, 
a ml had liecn coin niiinka ted by Iiinis to Darwin^ and then through 

Darwin to Lyell anc] Hfjoker, Then followed the niemorable meet- 
ing of tlie Linuean Society, London, in July, 1858, at which two 
papers were road* one written by Darwin, the other by Wallace, both 
actling forlh the aanie far-reaching idea of evolution based ui>on the 
principle of seliM?tion—a beautiful example of the unenvying mag- 
naiiunity of tw'o great disco\'urer?i. 

This private couimunication to a sicientific society made no great 
etir. But the publication in the end of 1859 of Darwln^s iKwik* 
“llto Origin of Species by Means of Xatural Selection,-' attracted 
gi'ciit attention. A new edilion was culled for on January % 18 tK), 
and during <bc twenty-two years between that time and 188^. the 
year of DiirwitrK deaths one English editing folloAvcd another* and 
uiorc rhaii 24^000 ctjpics were prnited. During the sumo period one 
CTerman cclUioii sne^iwled another, and il is doublful whether any 
other purely sclentiHe tmuk lias ever attained to isuch a circuiaLimu 

Yet the book k simple and iilraight for ward, never sensutiomd in 
sivk* but advancing i|nictly and coiicrelely fr^^^n one position to 
another, eacli supported by u ntn^ of carefully siftCfl facts* Every 
possible objection is duly couskkrcdj and the decision is never an¬ 
ticipated, hut all the argntneuts uii both sides iire carefully und 
imfiartially diii^niEsed In a rinuiuer that is apt to seem to the hiipnticnt 
reader almost too consdcntioiis amd cautious. 

To readers ivho were acquainted with the sckntlfic results of the 
time, w'ho were aware of the numerous imjxirtant facts that hod 
been discovered, but luissjcd the unifying idea which should gather 
them all together into a hannonitnis picture of Ufe, the iKwk came 
as a tcvekition. 1 myself was at the time m the stage of metaimor- 
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pUoais? fmm n physician to a Koolopi^t. ant] a^ far as pliilotsophical 
viewH of nature were etiii*!t?riu'4 1 was a lihink slnsl of pa|>er, a 
labiilu I'asiL I rend the Iwiok in IWL at n single sitting and 
wjlli evpr-grtjwing enilmsiuBaw Wlion I had finished it I stood firm 
on the basis of tlie evolution theory^ and I have never seen reason 
to forsake it. 

This riiust have the case with nuiriY* You know tliat tho 
generation at thu heginiung of the century, so tin ted wnlh ^fpeculation, 
threw itsLdf wholly into del ailed resets rch, and its whok endeavor 
was to jiciiuire new fncU% Darwin fiirnisherl the unifying idea for 
thc^e: it w'as evolnliots- ALiiiost ihe whole younger generation of 
natiiralbts ranged them.^lves at once oti hk %id^\ tile older gencra- 
lion graduflllv followed, first zwlogials, then botanists; even my 
exadlent friend, Anton de Bnry, was only converted to the new 
views in IBSO. and from that time onward there was IlLtle further 
Opposition, even on the part of the botanists. 

Although Darwin^s Ijook was straightfonvanl and simple, itseftect 
ivR'^ nothing Ik® than revnhilioTifiry; it upset tho old deep-rooted 
doctrine of creation JnsU as coni[dctely aB Enismns Darwdn, l^imarok, 
and Oken had desired* The hook raised n eonflagitttion like 
lightning in a ftill bam, ThU was soon so widespread that iwople 
read only against or '^for^ Darwin, especially in (leriininy, but 
Ifitcr also in England- At first the opponents had the upper hand; 
the dm fell regarded the tiei.v ilnetrine ns ilangermiA to religion, 
Liecaijso the old irasaic mythos of ereatloiT could no longer be re¬ 
garded as the basis of belief^ and tnntiy of the older nalnmlists did 
not i.'an* to give up tlieir inherited opinions without a struggle, and 
tlii'n^forr strove to dcprechite tike new ihriiry, either by seriutts 
orgmuent or by satire and ridicule. The first to puhlisli a work 
Darwin was ilio (lerman naturalists Fritz Muller ( l8€vll, in 
Bnazil. Ifis kiok contained the first important doiiuction from tho 
Darwinian theory: it went riiHher than Darwhi himself^ and tvm- 
tallied die germ of wliat Eniat Haeckel calletlj in his sugge35tive 
^ (lenen'llc Morphologic *" (ISUU), the ^ fundamental liiogcnelic liiw.'^ 
1 myself was probably tlic third chairipion of Darwin *5 views when, 
in ISfiT, r delivered my i^cademle inruigiiral address on '^Tho Juidi- 
lication of the Thirwdnian Thciiry/' 

At that periixl alinosi every s]ierial study in tlie clotiiiun of 
embryology anrl comparative [iniitouiy'' reveatctl fre^h facts which 
were only intelligihk on the nsBiimptiou tliat the theory of des<wii.t 
was valid; much wiia now oliserved thnl had formerly Ixt^n over- 
kKikinl, simply liecaime it was tioi undcrsttiwl, and much of the w'ork 
done in the period of detailed investigation hail to he done over 
again, because the tu>ints lliat w’ere now most iin|>ortant had pro- 
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Tioiifily b«n dis?n?gnrcied. In tins no reproiich is impli^ to the 
itiaiiy cjic’ifiJent sit>f^irvors of that perifKL Xd one can {losibly 
observe even^lhini^ tlint takes placer for instance, in the develop* 
men I of an aninia!, each notea only what seems to him to have some 
signilieaticfts wlietJier he is able to interpret it oj* not. iVe do not 
work with our eyes nlone; we imif?t think nt the same timOi 

But T need not dwell longer on the manner in which the Dar¬ 
winian tlienry gained over iho scientific workers of ail coontrieSj 
[incl penetrated deeply even among the laityp We have nil had some 
personal exjx'rienee of it, for the triumph of tlie theory of evolution 
has not long been ’ivnn^ A few words may be necessary ns to why it 
was ^von m easily and so cotnpletely. 

This w^as due in part to the enomious and increasing mass of facts 
in siip|)ort of it^ hot muinly to Darwin's discovery of a principle 
capalde of explaining tnuci format ions, in so far at least as these 
im* a da pi at inns the principle of selection^ Lamarck^ too^ had 
tlioiight out a prltici[jle of explaiiution—the use or disuse of parts— 
but it was obviously insuflicient to explain evolution as n whole^ 
since it cnuld oidy apply to actively functional organs* 

The disrovery of the principle of selection is the greatest Rchicve^ 
mmt of Charles Darwin and his conlemporary, Alfred I^'iillfiic^ and 
il alone, in iny opinion at least, nlTortls a secure hasis for the theory 
(if cvolulioiu It reveals to us how' the apparently im]^>ossible iietxjmeg 
j>i>ssihle^ how wliat b adapted to its ptir[3ose can have arisen without 
the intcrveiitiou of a directing poWTt- 

The princi]>le of ^deciton shows us hmv ihe thoufiandH of ad a pi a - 
ti(rti.s in living U*ings which arouse our coni-tant admiration may have 
arben in u purely mcclianicai way- And they must nece^arilv Imve 
done so if ihe evolution of the living has resulttii froisi Uie. same 
forces and hiAvs ns the not living: in other Avords, in explaining 
natural phenomena* we can leave out of account altogether any forces 
ouLside nf or lieyond nature. The principle of selection cnaliles us 
tfi do this, and tliereiii lies its far-ivaching slgiiificanct*-. It is, I 
Ijclieve, the dis^very uf this principle that will make the name of 
Diinvin immortal* Wallace, too^ deserves a full share uf the credit^ 
El It hough he did not baw his theoiy' on such li broad found Lit ion of 
facts, and did not apply it in so many directions. 

This principle is fully developed in '^Tlie Origin of l^pccies by 
I^Tcatii^ of Nalurul Selection*-^ as, indewl, the title nf the VkioIt shows. 
It might Im! tlmught that the pnhlicntion of this txHik finished the 
lalmrs of the hermit of IXiwn, but this wa.s tiot the ease; it was 
fnllowed by the rieJiest creative iieriod of his life* Between 13f!t> 
and his death in ISS2 he issued a whole series of works, small and 
tiu’ge* each uf them based n|xin numerous olmT vat ions and experi¬ 
ments, and uinsi uf them coutalulng wholly fredi associations of 
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ideas, usually connected directly or indirectly with the theory of 
evolution, tind sometimes extending and corroborating it more fully. 
I must at least give a few indications as to the nature of these dif¬ 
ferent hooks. 

In 1S62 Darwin publiBheil hia botjk, “The Various Contrivjincea 
by which Orchids arc Fertilis^ed by Inaects," ()rrhids often exhibit 
the mciBt special and diverge adaptations to the visits of imsects, nnd 
tliey help to iiiakc clear to tIs how flowers tnny have lieen dewelnped 
in nil tlieir mtiuifoldness in relation to the needs of their insect 
visitors. 

In the same year and those following there appeared sevt-mJ 
treatises on “ Dioiurphlsm in the Flowers of Primula." Darwin Imd 
discovered minute difTeiieriCifa in the length of the stamens in the 
same spc<des, and he deiuonstrater! that these differences are not 
iin.‘re dianct) variations, hut are adaptations which tAcnrc tiie crossing 
of individuals and prevent self-fertilization. He obtsiiie*! the pr(v)f 
of this through many careful experiments. 

Tills Win- followed, in 1864, by a treatise on “ The Movements iiiid 
Ilohita of Climbing riiintH,” showing the different ways in which 
they climli — tiiiutlier study in plant adaptations. In 1808 appcLireil 
the great work Vhegiin in l&f50, Tiic Variation of Plants iind Animals 
under Douiestication,” and this book greatly extended nnd strength- 
enevl the basis of his theory of selection. The phejioinena and laws 
of varimioii and liercdity are dmcnsscil and illustrated by li wealth 
of e.xaiiip!es, and the work concludes w-ith a theory of heredity wbicli 
he called “ Pongeiiesia." 

“Tiie Di'sci-nt of Man” apiieared in iPtTO. t"p till that time 
Danviii had made no definite pronoimcement upon this subject, 
tiiougli of coni'se he must from tJic very first iinve deduced fitmi 
tlie variability of species that man also was a prcKluct of evolutinm. 
lie now discuBsod this view in detail in u two-vidiuned work, wliicli 
also contained a fuller treatment of an aspect of the Ihwiy of 
seJcctioii only briefly sketched in “Tlio Origin of Siiecies.” Hero 
the phenomena of “ sexual selection ” arc traced throughout all tho 
aninifll groups in which preferential mating plays li port. The 
principle is illustrated by a posiiivdy overwlielming mass of detailed 
facts, and is shown to have been u factor even in the differentiation 
of the ficxca in the human nice. 

Closely associated with this work is the one which followed it in 
1872 on “ Tlie Expression of the Emotions in Man and iu Anitmils.” 
The liirth of Darwin’s first child in I83t! liad induced him to record 
in a special notebook all liis observations on the gradual awakening 
of the sensations, and ihvir espreasion on the features of the child, 
for he Was convinced that even tlie most complex and delicate 
emotional expreia-ious of man had their iiuturai routs in animals, 
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jiiEt in Uie same way as the parts of the body and the mental 
fHouUies. For thirty-two years be followed out this idea, cspcri- 
mentiiig, observing, collecting facts, until finally he wns able to ivrite 
his remarkable and fascinatiug book, the first Knglidt edition of 
which consisted of 5,000 copies. 

Darwin's ne.'ct book appeared in 1BT5, and this also had been a 
long time iu course of preparation. In ranging alioiit the <roiintry 
during a suiiiuier holiday in 18G0 he had iiotlccd a dainty little plant, 
the “strndew" {Droaera ratuyidifolia'^, to the viscous leaves of which 
several small insects were usually found adhering. Many olher 
cullct.‘tni:» had noticed tliis, Iwcansc of the difKculty of procuring 
n clean specimen for the berharhim. Daru'iii took a few of tho 
plants home with him, and soon discovered that certain parts of the 
leaves exhibit movement as mmui os small insects are Immght into 
coiilJtel witli tliciii. This IcjI him to the discovery of “ Insectivorous 
I’lunts," and his lanik bearing that title was pidtlislicd fifteen yeui's 

Li lS7(i Danvin piilslisbi-tl ii wfirk on DilForont Forms of Flowers 
on Pknts of ttie Sump ajul in IBBO* jcnntly wSlk Ins son 

l'>iiiipis, *'The MotemeiiLs of FinallyT ki iSSlj llm yciLC 

his there iippeareil The Formniian of Vegetable 

Mould through the Action of Wornis^” Thb Inst liook. like some 
of thp curlier aliorL treatises, had no direct connection Avith the theory 
of evolution^ but it illu'=trutcs in ii very characteristic manner Dar¬ 
win's eminently seientifle mcwl^ Avhich led him to note everything 
that seemed unusual or intei^isting in the nifKt orditisry things, and 
to follow it out till il led hiTii on to new di^iverieB^ How iniitiy 
hundrwls of t>eop]e, and even of naturalists, had seen the lilUe cfiHh- 
caiating^ that cover tim daiiijier pans of our garden pnths on summer 
mornings! Uliesc are ilue to earthAvorjiis^ and are the remains of 
the decaying leaves on Avhich thci' feed* The earthworms cover the 
whole land with fertile mold, and thmngh their agency ill the course 
of time the surface of the ground is raised^ and had soil i^ trons- 
foriiKHi into giKid. 

lint no one had deemed tlie jdietiomrnon worthy of attention.* 
It is u case paralltd with tlml of tlie sundew, which hundreds of 
botanists had passed by without ever sLis|iecting that the adherence 
of the insects was more than a matter of chnnee* 

The fruitful discovery of the '"^struggle for existence,"^ loo, was 
due to this vision of the true iiatui^iifbit, who secs in what lies before 
him much tlmt others pass by unheeding* It was certainly no chance 

iv^artl u* ilu' mrtbwonu, I most note dmt cuuniTiuakit, ProfeaBor 
lJrD!=i?tip till? uxct'lleni soologtBt of Kiel, ilie iame arutccess of fA^nut- 

vadou and drew tUe suuiv C'onclusEcitis fruiu iluj ea$tlu£i» at tJac aami! lime aa 
JJam lu dUL 
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(Jisl tho “straggle for existencefirst rerenled itself to men "who 
had spent ilie gTT«tcr part of their liviis in the o|)en nir; no ehance 
that it TVfts two travelers like Darwin ond Wallace who first per* 
ceived the dependence of One species upon another and the com* 
petition betw'een them. 

From the little I hut 1 have been able to tell yoit of Darwin'« life 
in Down you can gather what ji riejj, full life it was. Vou will now 
wish to heiir sumetliitig of the man himself and his ehuracter. 
Unfortunately T never saw him. j\ji affection of the eyes which 
has troubled me for forty-five years, and has rtsfrieted my activititw 
in many directioini, prevented my traveling to England while Darwin 
till lived and was relatively vigorous. Therefore I can not sketi-li 
the imjircsiiioti made by Lis [STrsoiiaUty from exjierience. But wo 
have a short nutolnography wliich reveals hU nature clearly, and in 
addition a most detailed and sympathetic picture of him by his son 
Francis. 

lie was tall, nearly G feet in heJglit, and his most striking features;, 
the higli forehead, the large, prominent mul bushy eyebrows, the 
blunt uo«, and energetic moiilli are well known, x’o one itUcrested 
in JJanvins personality elionhl fail to rend both Francis Darwin’s 
account of him* and bis tiutubiogniphy. Taken together they give 
a jucture' of the man vvhidi widd ticft be more tnitliful and"could 
]ii)i'ullv ijiori* fOniiilet-e- 

Add to this picture what we can gather from his scientific works, 
and fcipecuilly from the accounts of his ]*oumey, and we find that 
he had » great and comprehensive mind, cuiicerncd in the main with 
general conceptions, yet possetaing in a high ilegree the faculty of 
becoming sympatlieti™Ily absorbi^l in detail. Tie took pleasure in 
small thingii as in large, and was able alike to study with the most 
paiastaking mimitencs-; llie slnictiinil dctaila of a flower or a crus- 
tflceaii. or to draw far-reaching concltiaions from an eimniious number 
of isolated facts. Ha jKKssessml the fundauieutoI qualities of a nat¬ 
uralist; grctil powers of olKervation and nbsolnte nccnracy; the 
nn»t e.vtreme caution in judgnierit is revealed in all hi« writings, 
ami his prE.sentment of his ideas is always ample and entirely fre* 
from arrogance or vanity, for a great natural iiKali-stv was one of 
the main features of hia character. But hm theories"clenrly show 
that he wng not lucking in imagination, for thev could never have 
been thought out wilbout it. He was not a kwii critic, grasping a 
thing quickly and illumiunting it at once; he was. on the contrarv, 
rather inrlinetl to take too favortilde a view of the work of othei^, 
and had a tendency, by no meaiLn very common, to acknowledge the 
richieveitienb of strangers, and to take a positive delight in them. 

■“Life aivl I.etlLT» of (ihartea Itiirwla, liKlutllfij; an Autobloeniiilikal Cha^ 
ti'i-,." EiJltiHl by liln f*oii, Fnniclfi 
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His mind woBof llie peiielrntifig order wUicli worked persistently ut 
uny prublein until he begun to sw liftlit on it. 

lie wflEi not concerned with priulicnl lie wos iin idealist who 

desired knowledge for iti» own i^ke^ imd not for uny ntilitariiin end; 

II nnturalii^t who worked for pleasure in the work itself^ and rejoiced 
in I he sdv'anceiiienl of iscience liis work brought about^ 

He was not lacking in ambition, but it was ambition on a large 
scale, not to gmin fame and po^iitionT bat to crejile w^orks whicii 
should seem to bitn worthy* KHtue came iinsouglit, and, as he tells 
it was a satisfaction to him to feel that he was held in estwm 
|jy thos^e whom he himself esfeenied. 

He has sometimes been culled an amateur^ and in a cortain sense 
this is truOt in as far ua lie worker! in several different sdentiJic 
provinces, each of wliich refpiires u man s wliole strength. Hut he 
had full ccjinrnanil over these dilfereul jirovince^t at least us far ns 
waa nccc&^ary for the end he hud in vieAv* He wuti cermiiily not a 
restrieted"si>eciulist. The sscxdogists accepted liiiii in? a sioologist. the 
lx>lanistii us n iKitauisl* peril ops also the g^.-a1ugkts as a geologist. 
Hut lie was not an ex^H^rl in any, or ratben ii would Iw more corrw't 
to say. he was !^> wherever he Inmsclf liad done praductivc work* 
For he was i^i^ntially self-taught, and hnd |>asscd througli no nor¬ 
mal ^hiK}\ of 35 tmlog 3 - or botany, hut with his great energy and un- 
ilaggiiig induhtry he had nc<|uired a prohniiid know ledgi» frmu hiN>ks 
and from fjcrsoiial intercourse with specialists, and every piece of 
work he did added to this store of know ledge. He avus perhai>s the 
last not merely to survey, hut to do prixUictive work in every domain 
of biological science. Yet I w ill not assert tliis* for we have all Iwen 
cfiiivinccji in recent tiniea thrnugii the evolution theory tliat it is 
not enough to be at home in a single Ruence^ h b iieeessaFy als*j 
to have at least a geneva! acquaintance wdth the essentials of allied 
branches* 

Durwin has sometimes been neensed of licing oTic-sided, of ciiiing 
for noth trig but his science. But this was not tlw it less 

true of him than of many specialists hi natural science. He had a 
wide knowledge of English literature, Milton and S4hakes|>eare hav- 
itig lx*eit his favorite reading in his youth. In later life he hud 
novels, hisloric^I works, and lxM>ks of travel read aloud to him every 
th\y\ He wuu fond of music, too, though, as w'e bare said, he bad tio 
musical ear. 

Ihirwtn was a man not only of lofty, noble spirit, hut of the 
tendensit feeling* I^et anyone Avho doubts this read the touching 
pages in memory of liia little daughter Annie* who tlicd young; 
they form one nf the most Ix^outiful memorials ever dedicated by a 
father to his child* llis smrs pidiire of hinn too, reveals the lieanti- 
ful and intiinutc rdutiuii^ that prevailed betw'een them, and the wdiole 
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quiet liiiil jojoue life of the DarTrin faxiiilii’ testifieti to the cheerful 
nil cl iiirectionate diapoifdtion of its head. 

I( mnamii to estiinntc the intluence of Dareriti's theories on his 
time and on the future. But this is a task for whkh a whole IkkjU 
would not be loo tuuch« and u laak, tiioreoTor. 'which could lie IxHtcr 
iuai^oiiipli.shcd on tlio two ItundmUh than ou tlie one hundredth 
auiiiveraary of his birtli, 

M'e cjui 111 least fsay, however, that the influence was & great and 
iiittny'sidcd one, and llial it will endure thncughuitt all time. All 
who know the petition of skrience before 1859 will Ik? ready to admit 
thijij the youiiger gi?nctatioii have grow'D up so thoitiughly under 
the influence of Darwin's ideas that it must he diilicult for tlicm to 
realize the slate of mattera before his day. 

Ix't us speak of biology fii'st. But was there a biology tbent 
Strictly sjjeaking. there was not; there was a zoology, botany, and 
even anthropology. Each of these sciences cousbttHi of a vety large 
and wcU-arjungctl mass of facts, but with no iiitiinsie toherenw 
among them. Thot was supplied by Uie tbeoiy of evolution. The 
ditferent departments of Kcience were not even then regarded as 
complete: it was well known that there were many gaps in our 
Icnuwledge, hut wc were only seeking for missing details, whereas 
in ^iility it was the main thing that was lacking—the unifying idea 
which tiwkhi? had sought for, and tried to supjdy in his theories of 
tlm plant jinitotyjie, and of the skull. 

'I'hc science of embryology, or, as we now call it, onlugenesis. at 
that time consisted of a great number of nlKservatinns, interesting 
enough, blit wiUiout any Pecugnized unity; it was not a liarmoniuiis 
stnictiire, but u coJlccibn of flne!y.cnt building .■-lonis. Bid what 
u chniigc when the luminous idea of evolution was added! Life 
seemed to fa? Infused into the stones, and almost spontaneousiv thev 
formed a magic edifice. The ovnm, now at Inst i-ecognizcd as a 
cell, was seen to U* a rcniitdsvxmce of the descent of all hi<^licr 
animals from nniceliular organisms; mlimentarv organs, such Jtlie 
rudimentary eyes of hlind mve animals, wein bund lo be si.nijiosta 
indicating the racial history of these animals, and iminting back to 
their sigUtH-iidoweil ancestont Tliis evolutionary view illiimiiiatetl 
he whole science, and not emhryoIoEi- alone, but also ‘^compara- 
ive annlomy, the midenstandiiig of ibe stnictnre of aiiimnls. It 
became plain why the New Zealand kiwi Klmiild have little nidinieii^ 
Biy wmg 3 under Us skin. aJlhowgh it does not llv. It is not in order 
hat It may conform to an ideal of a bird, as was previoiislv thought, 
hut U-canse its ancestor, had [losscssed wings which wen? nsi-d in 


I’liVHology ahr> gained much, esiwcially the thcorv' of reprodiic 
tmn, of heredity, of organs, of the cell, and especially of the cell 
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nucle^us. T do not mean to say that all tlicse were the direct n^ult 
of iho idea of evolution, but they have an indirect connection with it. 

Anthropology gainioi quite a new interest after it was recognized 
that mnii, too, was a product of evolutian. A vast number of prot> 
Icms presented tliemsolvcs; it was necessary to investigate Ibc gradiui] 
becoming not only of tlic body but of the mind, the evolution of 
the Psycho and all that Hows from it. Before tlmt time there had 
been a history of language, of law, of roiigion, of art, and sh> on, 
but it now beenme necessary to carry these further bacU—^beyond 
Adam and Evo to die animal ancestors. Undoubtedly u study of 
ibe psychology of animals is one of the essentia! tasks of the future! 
1 am here only give a few hints without ekbomttng them, Init I 
must' emphasise Ilia fact lluit the idea of evolution, in tlie form in 
wtiicii Darwin pi’esentcd it to us, hug given an impulse to new life 
and fiirdier development in every deportment of human knowledge 
iMuI thought; everywhere it acts as the ycoiit in cider—it sets up 
fermentation. This has already borne ricli fruit, and wc may hope 
for much more in the future. 

Our greatest gain from the theory' of evoluiion has, however, Iwen 
t!ie evidence it alfords of the unity of nature, the knowledge tJmt the 
organic world must be refcrrci;! buck to tlie same great everlasting 
laws which govern the inorgnnic world and determine its course. 
Even if formal pnxjf of this Im still wanting, Uiu proliability is now 
so strong that we can no longer doubt it. 

It is not only ihe theory of evolution as a whole, but t^ie active 
Ijriuciple in it, the principle of selection, tlint is transforming and 
illujuiuiiting all our old conceptions. It is teaching ns to understand 
(ho sUnigglc, silent or clamant, among human races, their rivalry for 
(he possession of the earth, find to understand, too, the composition 
of human society, the unconsicious division of labor among the 
members, and t!ie formation of nssociAtions, The development of 
*■ classes and their union in a Si ate appears in a new light when 
looked at from thia point of view. In this department a good deal 
has been already accomplished, 

I’he study of human health must be particularly influenced hy the 
tlieory of evolution, and a beginning Jias already beim made in this 
depart men t also. 

But Llicre is another and verj' important point in regard to which 
the. theory of selection must be our guide. If we take ii survey of 
the evolution of the world of life ns we know it, we see that, on the 
ivhole, it has been an ascending evolution, beginning with the lowest 
organisms oikI advancing through higher nnd higher to the highest 
of all. man himself. It must be admitted that at certain stages in 
this evolutionary series we find retrograde steps (as, for instance, 
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pjiniriik’^ and :^kn(iiry animals), but on tbo whole the diieollon of 
evolution ha-s tx’eii nn asoejitJinp one. 

I see no groiiml for assuming tliat this will be olberwise in tJio 
future. According to the pdiiciple of seh^tion tlu> best will survive 
in the future ns in the psist, and nmnkitul will oseeiKl I do not 
believe we are likely to undergo any essential changes in a cnido 
Iihysical sense; we are not likely to grow wings, and even onr mental 
fsnivers may not Iks capable of much furtber improvement, but ethical 
imptxjv’pinent Uy tpo not auly ]H]s.sil>1i! hut prohuEile, on thu 

principle of selwlion. Mankind will never consist «f wliully seldess 
Hiinbi, but the luititW of those w'ho ad in occordaticts witli tlie iiieals 
of tt purer, liiglier liumanity. In whom the cam for others and for 
the whole will limit care for self, will, it is my belief, increase with 
tune, ami lend to iilghcr nsliglons, higher ethical conwplioni, «s it 
has already done within tlie ixaiod of imiumi esiHlencc known to n>v 
But here again I can only indicate without following out my ideas 
1 wished to express ihein. bL'eauso the principle of selection* Jjas sci 
often liecn applied m an inverted setLsc, as if the brutal and cmiinal 
must ultimately gain the asamdency in man. The contraiy- sceina 
to me to he true, for it ia the mind, uot the bodv, that is dedsive in 
the sclectiou of the human race. 


Tims we we the principle of ei-oliition intervening, transforaiing, 
re-creating m every department of human life, and thouc-ht and 
endeavor. iVi-owe this principle, wWcIi has been so fruitful in r^ulte, 
mainly to Charles Darwin, though ho was not the only one nor tlie 
li^t to think It out. But it was lie. with Wallace, who secured it its 
place m ^je«« and made it a common of mankind by 

woi-kmg ,t Old ID all directions, and supporting it with another prin¬ 
ciple, that of selection, which explains the riddle of the automatk 

"wflTih^ VT r m nature. Thus ho cleared 

wa.i the obstacle which would otherwise have stood in the way of 
the acceptance of the theory of evolution. ^ 

By rdl this he has earnt^ ^ndnrii^ fame in the annals of science. 

!f hii r T'l? ^ A colossal statue 

o Vhc n r lluseum; frem the Imckgronnd 

of The entrance hail he looks down on tlie pas.sers.by with the ™lmiie^ 

H ^ tt^tmiimter Abtiev beside 

luohe cjf ANctrton. 


^ppy OM, for ,t »ns fdl„l »,ih „ g„»i id™, o„J h, ™ supporlal 
by Ik. 11,.I o„,|„ rJiV-Ks 

Th“kT™r,l r pid,i i„ .v™.ie„ iii.i™s,l.™.-’ 

uuHiortuls uiiioiig * 


PKESENT PROBI.EifS IN PLANT ECOLOGY:^ PROBLEilS 
OF LOCAL DLSTEinUTION IN ARID REGIONS * 


By Vimt Vdutev M, 

lUiiantiytl haimrainr^. 


Th(> pliyskul eniiditinnH previiilin^^ in ariil an* fnicli a^i 

ivnilcr k iJiii^ife fft atlmit without fiirther invfiHligtvtion geii^rulizii- 
tiniiK regarding tlu'ir pliinl life whieh liave been drawn from studied 
chondurted eLsewhere. This h snJlident justificiitiati qf an nttempt to 
analyze eertniri problems which coiifiont the student of dessert ecology" 
in his efforts Ui apply kjiowledge or principles drawn from previous 
experience. These problems huwe the advunta^e of a certain dear¬ 
ness of definitiotn whieh corresponds in a way with the sharp features 
of the desert and its characteristic vegetation. Their sohUton may 
involve great clidiculties^ and sotne of them^ with our present methods^ 
may bp incapable of soluticin, but they are, at all events, capable of 
dear statemenL 

It! the attempt to present such a statement, which may or m^y not 
prove snecessfuh 1 shall for the pre-^nt limit the discussion to the 
desett country of the sonthwwtern Lnited States, for the enflicient 
reimon that niy own studies have l>ren conducted in that region^ and 
I «hall omit all considemtion of the higher elevation.^ of the tnonn- 
tainsT which, though in llie desert^ are not of it; so that whatever is 
said at this time w ill lie imderstochl to apply to the floor of the desert, 
that Ls, die great plateaus and vallryH which from Te.xas to California 
lie between the mottntain iiealw and ranges, together with the long 
slopes a!id low hills which border them on every hand and form the 
natural af>|irtiach to the mountains. 

Pn^Hing in a maimer that will Ik^ indirectly a record of personal 
e.xpcrirnce^ one of the tii‘st qnations pre?amtcil to a student of desert 
botany is tliife: What are the coiiditimiK that determine the ^tcee^sful 
ooeupatioii of a desert tiabitat by certain plants, but prevent its 
occupation by others? 

A iterli*» of before the botanical JSiX'^ipty of Aniorlii'a^ nt ihe 

na III more aieetiDfr, InvItnttEin of Hie etinncIL 

'^HeprJnreil bj- r'orraE^lDu frtirn The Amerktitt NntaraUBi, vuL -la, Nql TtVl, 
AagoEt, moo. 
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It will bo neccfssnry at th« outset to imderstatul what ifi meant by a 
de^rt hubitnt, since on this point tbo popular conceptiou—aijcl poa- 
sibiy til lit of some botanists-^je jiot clear. 'J’hei’o is na much dilfer* 
ence bctwi'cn habitats in tiie dc^^rt as in any other region^ possibly 
more, and their definiteness of Im.'ution jmil relative sharpness of 
deraEircatiuii form one of tlie most striking and eharucteristic features 
of tirid regiojiS. The rivers of the valley trough, such ns the Siuita 
Crua, the (Hla and Salt rivers in Arizona, Ihough inconstant, are imuo 
the less the main drainage channels between the adjacent watersheds. 
Along their iMiiiks water-loving willows, cotton woods, and arrow 
weed find a congenial home. The adjacent flood plain, with its water 
table within reach of their roote, is the natunil habitat of the mesquite 
and some oilier semimesophytic species. Within its limits the areas 
known as salt siwts are inlinbitud by various halophytiis, (specially 
by species of ami Stt^^a. Just beyond the firtid plain is 

Uic long slope, a most chn met eristic feature of desert topography, 
which rises slowly to the foot of tlio mountains, often miles awnv, 
its soil and drainnge conclitiuns presenting a sharp contnust to th(^ 
of the flood plain, and its vegetation being correspondingly diEfcreiiL 
The low outlying hills, in their turn, present quite os marked pecu¬ 
liarities! of soil, and furthermore iniroduce differences of aspect which 
lire TOtrelated with marked dilfi'n-ncos of regetation. In sliort, tlie 
habitats of such a desert region as that of southern Arizona, as far 
ns edaphic relations are (wncemed, present conditions which vary al! 
tile way from distinctly hydrophytic to estremo xei-ophytle, anil nil 
these may Iw in dose proximity. 

Fiir all these ha bit a Is the fact is to be emphaBdzed that the genera! 
climatic conditions are the same, and it is important to note that 
not a few of the plants which grow where a suificlent or even abundant 
water supply k assured are nevertheless marked, as a rule, as plants 
of an arid region by their corJaceous, hairy or otherwise serophilous 
leaf structure. The point to be specially noted here is that while 
plants of the arid or semiaHd southwest grow in a grent variety of 
habitats, some of which are by no means dry, all aie subject to the 
severe conditions of a desert climate, especially intern® insolation, 
low percentflgt of atmoapiuTic moisture, and drying winds. The 
problem, therefore, of the occupation of any one of these habitats is 
successfully met only liy thaw plants that' are already adapted, or 
lire capable of individual adjustment to the dry air and hot sun in 
which they must live; all others inevitably fail. 

i his will be made dear by refertocc to the introduction, or 
at tempted introduction, of various cultivated plants, a subject which 
presents a most inatructive history. The yards of jArizotm cities 
mnstitute on experiment'station b which year by year, at private 
instead of public expense, the availability of one species after another 


PLANTS IN ARTO REQIONB—SPAUHN6. 


465 


for desert plnntiiig is being determined. From the grent niunber of 
plnnts sticressfullj ouitivnted there seems, ut first sight, to be suf- 
Jident jijstideni ion for the reitemted assertion thtU anything wilJ 
grow hero if you only give it water enough, iiut closer attention to 
the ucitiiul facts of the case makes it evident tiiat liiis siiiteinent is 
true only in part, and tliat tlicrc are many planta that will grow only 
indiderently or not at all under the atmospheric oonditions whidi 
prevail here, esipeciiilly in the summer time. To give » few ei- 
nnipltsi, gcraniumB. the universal easily raised plniits of moister 
regions, ara very uncertain, some varieties accommoilatitig theni- 
selves fairly well to the desert uir, while others fail iiltogcther. 
Catinas and gladioli, which groiv side hy side in the east, part eom- 
]>fliiy liere, the former making u gofid growth in Arisiotia gnrtlens, llie 
latter failing alliigethcr. Those who have hanilled rosea for a period 
of years Lave learnDd what varieties may 1» expected to do well in 
the tliy air of the desert, and what ones may Ije counted out. and so 
on thioitgij 11 long list of plants which, by knowledge gained in the 
costly school of Experience, tire coming to lie depended on, or are being 
l■t!jt’cted one after another, as they ire found to be unsuited to the 
environment into wjjicli they have been broiiglit. Thus, tii u pticely 
ompiricol tvay, it has been fmmd tliat many plants successfully cul- 
livalcd in iiegions of greater uiniosphcric hiunidily make an entirely 
normal growth in the desert, if their roots arc well supplied with 
water, but that others, liow'cver well cared for in this respect, cither 
fail ^mplctely, or come short of making a healthy growth, and that 
this is especiolly true in tlie summer months when desert conditions 
ait most prniioimced. 

Hith the ncciunulation of such facts the more evident docs it 
become that a very complicated problctn is here prisented, Why is 
it that one plant, properly watered, dots w'ell in the desert, wiiilo 
another, though trcateil in I be same way, makes a poor growth or 
fails altogctlieri Ai Unit thought it would stvm as though there 
must !>fi a ditfereiice in the capacity of tlie root systems of the iwn 
phiTiU foi- ahscirption, and that this may be u sufficient exiilanatlon 
of tlieir dilTercnt Ixdmvior; hut it is evident on conslderotion, that 
with prceUely the same capacity for root absorption, i plant in 
which transpirutiofi is successfully regulated may thrive in an 
iitinuspliere in which one subject to excessive transpiration w*ill 
perish. The moat elaborate esperinnjnlH and the most exact deter- 
111 LnaLions of rate of absorption—assuming that such determinations 
are poiaibU*—would he very likely to throw no Uglit on the problem. 
Compnpjpons of the traniipiratiou rate of the plants in ejuestion 
appear more promising, but the same difficulty arises in an attempt 
to pursue the invrtitigation along this line, for there Ls no rensou to 
suppose tinit two plants of widely different rates of tixuispiratlon 
107JD'—SSI 1009-30 
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can not successfully occupy tlic same habitat if lln*ir capacity for 
root absorption differs in the snnie ratio. But stipiwiging that with 
infinite pulienee and with a reasonable approach to utTcnnicy both 
sets of physinlojinca] data have been dcteniiined, we are slillj <|iiite 
poesiiily, eniiwdy in the dark as to the real cause of the differetit 
lielvarior of iho plants under inyestijjniion. Tl may bo in their ense 
that the whole matter of absorptiuii, londuction, and transpiration 
is heaide the mark, and that cortain pliirita can not sneoeed in the 
desert WaiuH? the intense insolation exerts directly u prejudicial 
in flue nee to which they have not become inured. The intmatc 
nature of the subject is apparent, and it is also eridenl that there is 
little encoiiroj;^>ineiit for any one to take it up wlio has not had 
extended tt-aininif and thorough equipment for physiological re¬ 
search. Yet with all its (liflicultics the prfjljlcm is an attractive one. 
and the ahtiiidaiice of material to be had in any desert city, together 
with the gTf'iit mass of data that has acciimulatccl in the hands of 
horttciillurists and at the exjseriment atatioas, offers the best of 
opportiinitb^s for extended and fruitful work. 

If, H.S WL‘ have seen, the different deportment in the desert of plants 
growing, or having the opportunity to grow', side Iry side in wcll- 
watered ground, is an exceedingly complicatiid mutter, by how much 
are the difficulties increased when we pass from u habitat of uniform 
nnd Inglily favorable conditions to the varioiia and often extremely 
trydrig conditions which prevail Ln different neighlwiiiig habitats, 
such as tbe dry slopes underlaid by caliche, the salt spots, and otbersL 
If the case of a plant growing in well-waterefi soil may become rlcs- 
lieriite becnuiie of the scorcliing winds or the intense* inwdntion to 
which its top is exposed, what hope is there for one that cs^ys to 
grow where Iroth dry air and dry soil present the suiireme test of 
endurance 1 As a matter of fact only relatively few* species meet 
tljc test successfully, yet there are some that do, and they present 
aome of the most instructive data yet flerivod from the study of 
desert plants. 

But little reffection is neetkd to arrive at the coimlnsinn that the 
classical question regarding the rcslalive importance of physical con- 
stitiitioR and chemical composition of tlie sidrstratum to plant 

growth—though like the poor it promises to be nlivays with us_ ilocs 

not anti can not reach the heart of the prot)lcm. For every plant 
which successfully holds its place in a true desert habitat there is a 
clelicaie l>alancing of the regulation of transpiration, the power of 
absorption, the capacity of the conducting sy>!teni, llie presence or 
al>sence of storage tJssties. and, we may well ladieve, thr pot^esaioti of 
pr^opUsmic propctrUes which contribute to its powers of endiirance. 
This being the case, it would seem that In future, Investigations of the 
habitat reIatlona,of desert species esijccially.iniist lie directed mainly 
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to the plflTit itself. The advantage of a thorough knowledge of soiLs 
is too obvious to ctill for coiuuieut. but it miList Iw rcmemltercd that we 
arc ns yet only at tliu threshold of h greater und more promising work; 
namely, the invesltgnlion of the physiol ogival re<]iiiremcnts imd capa¬ 
bilities of plants that can grow in ii true Jestrt habitat ivs compiiret] 
with those that can not. In such comparative study lie?, ns it seeniii, 
the hope of real progress. It is imprueticabic for any investigator 
nt the present time to mark out a jdnuglit patli for others to pursue, 
and it ^ veil Id very properly be regarded as un impertinence were lie 
to attempt this: 3 'et tliere are certain obvious suggestions that may lie 
oJlcred. 

Iji the first place, important restilU have already followed the 
simplest ex|x:Hments and olj^rvatioiis when these have Imen con- 
diicfeil with exnctiicss and with a detinite end in view. To refer to 
H apecific case, Professor Thornlwr, of the University of Arizona, 
undertook a few yeitrs ago to compare the habitis of certain desert, 
plants ns regards germination. It was found that while the siiala of 
soiue species germinuted at a given temperature, otliera could not be 
made to do so until they had been subjected to tern[x*rat 11 res appituicii- 
ing the frwziug These latter were sc«ls of winter annuals, 

and hy this method a fnndamcjital physiological ditference between 
tlieni and the summer animals was estaljlishcd, Doubticfs an in¬ 
definite amount of inatrnctivc and necessary wm-b remains to lie dune 
in tills direction, but the key to the situation was found in carrviug 
out the simple esperiments descrilxjd. Again, partly as a relief from 
.severer work, Doctor Cannon undertook, in tJie midst of his investi¬ 
gations lit the Deisert LaborLitory, to map the dbtribiition in the soil 
of the roots of some of the plants growing in the vicinity, Mardly 
was the work well in hand, and the root topography of Iisb than half 
a doacn species mapped, when it was found that tiie chic to certain 
facts of distribution, blindly observeti up to that time, hud been dis- 
covcivd. I have spoken of thb in more detail in another cuiinwtioii. 

f)bviousIy it is indispciiaiible that lictcnnination of piiysiologietil 
data and of those belonging to the pliysical environment should pro¬ 
ceed step by step together; anti nowhere is this more strikingly true 
tiuin in die investigation of noil reliitiolis. To refer tu one more cose 
of recent exiierience, within the past year Doctor Livingston has 
actermiticd the percentage of soil motsture present in soils obtained 
from each of the fopngrapliic areas of the Desert Laboratory domain 
and the ttdjflceiJt Hood plain of the Simta Orua iiiver. Ilia studies 
were conducted independently, thougli naturally not in ignorance of 
evnlngicn! studies which were being carried uiit at the same time on 
Utc same ground. Tl. now nppe,ars that a welt-nigh perfect cor- 
rtjsptHHlence exists between the two sets of facts obtained hy inde- 
Ijendent workoni, au [lerfect, m truth, that a causal relation olTcrs 
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the duly saiisfnctory explanatioo. The accumulation of physical 
data, however, has procee^Ied so far and so suitbfnctorily that the 
succesi^ful conduct nf this line of investij^tion mny bt' regnrrlcd na 
assured, but for the plant the relatiorts Eire more coniplicutctl, and 
their investi^itioii correspondiiif^ly more dilHciilE. ft seems likely 
that in the study of ecological relations /n>m the side of the plant 
wo shall employ more and nioni the met hods anil I'ouccptions of 
physics niid mathematics, but the fad is tmi patent to call for argu- 
uieiit that neither now nor hereafter can these methods mid concep¬ 
tions be employed cacI naively. In fact there Liiis never lawn greater 
need than lit the prc.-«nt time for exact nbservntinji coiipletl with 
correi't judgment, and these can never be replaced or supei'SHlefl so 
long as Ihhi dejiartnient of botanical iniefitipation continues to be 
cultivated. This will receive additinnnl emphasis in the following 
division of tbe jircsvnt paper. 

'rhe relations of desert plants to each other prosoni a chapter the 
imromance of which has l»en unduly minimized until the gi-neral 
impresflion, even among botanists, seem.c to lui tluit desert planLs urn 
to lie studied only in relation to their physical etivimniiient ? limy are 
thoiighl to grow so far apart, in “open ” associations, tliat they are 
quite uninJIiienced by each othei'*H presence, bike other enonorms 
or incomplete conceptions, this may lie true in j>art, esf>ecially where 
the most extreme desert conditions prevail, as for example in ]>Qrts 
of the Colorado or Mojave deserts, but in the great semis rid region 
of the Southwest, taken as h whole, it is most misleading. Hie 
Desert LalxuTitoty of the Carnegie Institution was located where it 
stands on account of the great mtnral advantages which the region 
and iDcaiity offer for the study of deiscrt plants in place, yet 1 venture 
the assertion that over at least nine-tenths of the area of the labor.i- 


tony demain the establishment of n plant in the place wliich it occu- 
pies is conditioned quite as certainly by the influenee of other plants 
ns by that of the phi-sical environmenL It hardly needs more than 
simple oWrvntion to convince one that severe mmpetilion is the 
rule, though natundly its severity is heightened and llic result 
hasten^ by the prevailing adverse physical conditiotb^. 

Beginning with some of the mocit obvious cases, tlie winter annuals 
of soulhem .Arizona present an instance of as unmistakable comiwti- 
tion of individuals with individuals and species witli species as can be 
found in the eastern forest region of the United States. .As the 
Warmth of spring follows the winter rains the ground is thickly car¬ 
peted with Pectorar^a, and ™rioii 3 other her¬ 

baceous plants, which Btami thick together and present to the eye the 
famjliar i^mwtlinp which is swn in u field nf grHin too thioklv tiown. 
CertaSii indmduals dwindle and ffnally die, robbed of water, fooit, uud 
light by their stronger competitor. It might be interesting to reiwat 
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tlifl experimcut in lh& luborutorj' und to tabulate tbe results atatisli- 
i!nlly, but it eould hardly add to the conclu^venc^^ of the deutoitstru- 
tioii. The surue is tnio of llie manifest competition of specitss with 
species, as seen for example iu the occupation of reliitively extended 
areas hv some of tiic iwrenniul grasses which, bnt for their jvrEseiirc, 
would certainly I«! covered, as thciidjat.'etit areas are, by a thick growth 
of utlier plants. 1 leio the actual advance of the gi'uaaes from year to 
year may be oLsened, and such observations for tho sake of more 
definite statement arc now in progress on the Desert Laboratory 
ilouialn. Convincing evideiioe of eompctiiiun is tlirust upon one's 
atteution in passing from the desert to areas beyond its Ijofiieri, and 
if Iho transitiou is abrupt, as for example on the western edge of the 
iSaltoti Basin, where tUc desert abuts ahiiost upon a mountain wall, 
tlie case Ls all tlie more striking. In this instance a straight course 
of less than 5 miles brings one from the actual desert, witli. its char^ 
acteriatic sparse growth of salt bushes, creosote bush, gal let a grass, 
and tlic like, to the chaparral of the mountain side. Aloug the way 
the tlescrt sijecies foil out one by one, and arc tepinced by elements 
of the chaparniL As far as can be judged by tbeir habits ebsewhere 
and from their known range in altitude, there is absolutely iiu pfusoii 
for this, except their inability to compete with plants of the dm- 
pariid, which, however incapable of uoruiai development in the 
desert, hold their own ground where tiie conditions are less strenuous 
50 tenaciotisly and completely that the desert species make no head¬ 
way aguinst them. 

This, of tvunsej h m interpretation nierely, but with sudi an 
accumulation of cvidciiice wo are now in a poHition to proceed with 
the prishlrm along definite lines with the expectation of delinitu 
results. Sowing together seeds of and other plants, the traris- 

ferenw of indiviriiial^ to denuded a reus beyond their natiiml Hinits^ 
and multiplied comparatiTe obseri^atioa!^ of the deportiueiit of dif¬ 
ferent s]a^ies on tlie ^"^edge of the are simple and obvious 

methods of piw^diire at the outset. Some of this work has already 
been doius eiiou^h to conrince those engaged in it that in geneml the 
problem of the successful ocenputjon of a desert habitat involves the 
recognition of iicliial competition on the part of its would-be oeeupants, 
a con I petition severe enough in quarterns to set up a barrier be- 
Tond which, in the midi^t of otherwii® e-ntirely favorable environ- 
metvtal conditions^ U^ey can not pass. 

In their relations to each other, desert planhii frequently exhibit 
not merely ^.aimpetitiori hut aecommodatjon. This has Wn clearly 
shown by recent studie^^ of the root systems of certain cacti and other 
plants hy Dr. W. A. Caution. To take a -striking example, HUjxjrficial 
observation of the association of tbe suhiiRro (Cerent 
with one of the pnlu \trd^ {FarkifUiOiiia mdcmphyila) and some 
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other iJinibby gives no satis factor^' duo to the reason of 

tills nktiori, and the conimon OApiaiiatlotL that they art planU o£ 
similar blologiral requirements and therefart! grow togettier, is 
Liltogether inadequate and in part misleading. The c.irefgl study, 
however, that has lioen given to tlie root ^steins of these plants 
brings out the important faet that they grow close together by virtue 
of simple ftocommotlation, wtiieh enutiles them to utilise to the utmost 
ibe scanty* ruinfail. Tiie roots of the snbuavo arc spread just lienettlh 
Ibe surface of the ground, where they taJte ujj and promptly pass on 
to the storage cells of the trunk the water brought to them "by every 
light ruin. Tlie roots of the palo verdc, on the other Inind, extend 
much more deeply iiitO' the ground, and are in a position to utilize 
the water which soaks down to lower leveU after heavier ruins. Thus 
the fahiiaro profits by all rains, light and heavy alike, while its con¬ 
stant companion, the palo ^-erde, is free from all competition on its 
part for llie water which poiietrates to lower levels, iluch the same 
thing is seen on the flood plain of the Santa Cruz and other rivers, 
where the mesitnite, with its deep roots reaching to the water table, is 
associated \v\th. Bitfdoiria and other plants, the roots of which extend 
to relatively shallow depths. In short, it appears that just as in a 
tropical forest the vegetation occupies successive “ stories,” 90 here the 
root aystctitf of various plants habitually reach to dilFerent depths, 
and thus enable at least some sfiecics that would otherwiso compete 
with each other to live in close and ad^Tintageoiis association. 

From what has lieen Jsaid it is evident that in the suecossful occupa¬ 
tion of a desert habitat the mutual relations of the associated species 
play a highly important part. It is not quite easy at this stage of 
progress to point out Iluj esaet steps by whidi these eoniplicated re- 
laiioos are to lie determined and estimated; meantime the homely an<l 
effectual method of patiently gathering the <latn that aw obtai'nahle 
by careful okwviiiion is open, and as far as it has been pursued hati 
yiulJed viiliiiiblc reaulU* 

Tile broad geucral problem of tlic local distribution of desert plants 
is neccisarily approached along the several lines that have Leon 
inditaU'd As we have sotsn, atmospheric cotiditioris, whether of 
iiiten^ iusointion or estrcnie dryness, that obtain in arid region?: arc 
limiting Victors which many plants successfully metH, but to whieii 
many others auccitmh. There has betm great need of more practical 
methods of detennining and estimating the influence of atmospheric 
factors, and it is a matter of congratulation that the methods devised 
by one of tJie rianidpaiita in this dlscu-ssion, already widely in use in 
different parks of the Ltnite*! States, proiubic to meet this need to a 
degree that could not Iw hoped for at an earlier period. But it is 
iii|vi;r to be forgotten that under tlie liame atmospheric oouditions. and 
with equal chances in other respects, the deiHjrtment of two plants side 
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by side- their fur udJustitieaL let iis suy. is so ditfererit that 

the ossentidl probiein lies fir&t of oil in the physlologiciil eapnhilities 
I’f the pluiit Itself. 

Ifote strikin^fly tTue^ if possible, is this swn to be the cose when 
the reljiliijii of desert phints io the soil Is eotLoidcroiL Tt h well that 
m miicli soil work has been done; tliot we hove soil mops; that dc- 
lem n nil Ei oils of water cajjoeity and other physic at ns well ns elieniicol 
charfitteristics have been oseerUiueH:! in so many habitats. Eiinl tbut 
>ve have a growing littore embodying observations of the relations 
of plants to nrideiiying rocks: in short, that the siihstratiim has liec;n 
the object of mi long and so thorough study. There is no danger thal 
Ave shall have too much of this, but there may lie danger that we may 
j^melimes forget lo place titc emphasis wliere U belongs^ namelyt on 
the fact that every K|)eciGs and every variety of plant is a law to itself 
in its relations ta rtNck or soiL It ist true enough tliat tlie difTerent 
perrentiigLvs of alkali s:dt@ at didereiit distances froiii the center of n 
Mill apiyi stand apparently in causal i:tlatJoii to I he growth of diffei'eut 
plants ill correspcjiiding concentric ?.otie±^ but it Is eqimlly true that 
this Konal an'otigcmant is also the visible eNpri^ion of llie capacity' 
of tlu'se different plants to cope with the conditions there existing^ 
and of this capacity* if it is to be expressed, as some dat^ it itiusi, in 
physical measiii-ements^ liow inadcquatf; b our knowledge. How 
gieatly we need to really know the phybiological constimtSj not of 
one but of many dcH?rt plants. 

Tl is JQ the same line of thought and with the same purpose that I 
have referred to the iniideiinatc conception according to which the * 
relations of desert phints to each other have lieen so persistently over¬ 
looked, or, at least, iinderosttmated. It may now l>e set down as an 
established fact that over n largo part of the arid or Mjmiarid terri¬ 
tory of the southwest, comi>etit]on on the one hand aud actoinmoda- 
tion on the other have much to do with the association of plant species 
and the density of the plnnt cover. Far moiv^ it would seeiUj than 
hus iiMially Ikshu thouglit, the character of variouis ai^ociations in this 
regidn is determineil not simply by the physical, but hImj by the living 
environment. Moi^« than ever, too* it ix plain that the path of pr^ig- 
cess lii?b in the lUrecLion of applying to the plant itself* in its natural 
£(11 rnnindings, the ex|ierimental methoils of the physical laboratory, 
Xotahk and fruitful beginnings have Lieen made in thi^i direction* 
but one who has attempted quantitative work with the sahnaro or 
ocotillo in the open need not be told that it invohef difTiciiUies not 
presciitinl by seedlings of Vich fabd giwn in potSj and thiit prog¬ 
ress will necessarily Ijc slow. 

llms far odjn^itment and aduptation have not direotiv entered into 
thi> discussion, although a monient^s thought shows that all tlie patli.^ 
along which wc Imve come converge rigiit here;. If one variety of 
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getniiHim flciiiriNh(?s iji tlif; desert air, while aiiatJier by Us side ilwiti' 
dies iiiid dies, we can only sey at jiresenL that the latter is not. 
** adapted,'' or is apparently incspnble of " adjustnienl ” to tliu atiiioS' 
plicrie coudillons in which it hns bwn placed, ^^'e find that plants 
growing- in the wash near the Desert Ijiboratory do not. as n nile. 
suctaied in gaining u foothold on the long slope leading to the hill 
near by; they arc not adapted to the soil conditions there existing; 
hut tlio creosote bush, which makes its houns ^n thc‘«e slojjes, grows— 
thanks to its cajnteity of adjustment, even more luxuriantly in the 
wash than on iia own domain. Similarly, eerlaiii plants of the salt 
spots grow better beyond than within their limits; they have Ijccomo 
adapted to large |rfreeniagcs of alkali salts, bnt their capacity of 
adjustment i» such that they grow Just as well or Iwttor iiUmg an 
irrigating ditch carrying fi-esh water. V'arlous other plants In the 
immediate neighlsjrhood have not become adapted to the conditions 
prevailing in the salt spots, nor do they appear capable of adjust¬ 
ment to them, and accordingly arc not found growing in such places 
IVe need not mtilLiply citations of these familiar cases. Adapta¬ 
tion and adjustment have long been words to conjuiie wdtli, out of 
the desert as well as in it, but we have made so little real scientific 
progress in til a definitioD and deturmitintion of tlje things for which 
they stand that same of our foreuiost sludonts of ecology* seem, ready 
to al}aniion the effort, while others apologise when they uso the terms, 
&s if they were myths and had better bo left alone. But nothing is 
gained, and tniich may bo lost, by this method of procedure. We are 
face to face witli a great body of [jbenomena of the nuxst .“rtriking 
character, in connection with which these words are fittingly em¬ 
ployed, We can not igngro I lie existence of the facts, luid as acieii- 
tifio men wo can not let them alone, wliile they insistently rise ut 
every turn in our pathway and demand investigation. True it is 
that they bring in their train whatever is fundaineiual in biological 
iiKjiiity—heredity, the direct influence of the environment, tvnd differ¬ 
ences In the projjcrtifs of protoplasm in different plants. It is not 
cubtoiiiary, however, in laboratories worthy of the name, to shnn 
investigations that approach to the deep mysteries of life. Tliere U 
every' reason why students of ecological problems should sock, not 
shall, this dilfieult but hopicful line of stndy, 1 say hopeful ailvisedly, 
for wiiliiti the past three years there have come under my oliscrvation 
Various definite cases of adjustment in plants, some of which have 
been accurately measured, coriclitted with external factors, and ex¬ 
pressed by curvea. Though efaentially more difficult, there is no 
reason, as far os now Bp])cars, why the different degrees of adaptation 
of two spede or varieties to a given cxtenml factor may not be simi¬ 
larly determined and grapbically represented, us the exprisssion of a 
definite difference of physiological activity, as sUaiJcd by heredity, in 
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relotioQ to that particular factor. Very little^ as far as I am aworef 
has yet been accomplished in tliis direction^ but it is a way that is 
wide open^ and one that should attract tbo^ real inTcsligators wbO| 
knowing ditfietiltieis do not shrink from them. 

We have considered in a way far from exliaustive some of the 
problems which iipecially interest the student of d^rt ecologj', hut 
which in their broader relations arc not coniitied within geographical 
limits;. In the efforts aow being directed tow ard their solution the 
trend, os it appears t^rthe writer, is not so much away from any 
previous form of tliought or method as toward the wise and persist¬ 
ent use of every means that promises results, Progresfs is certainly 
being made in the direction of greater exactness; wo are learning 
something of the possibilities of well-directed cooperation; and in 
these and other ways in which “ science returns to the obvious,” to 
use the apt words of Francis Darwin, is an encouraging promise for 
the future. 
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THE IXSTIXCT OF SELF-CON^CEAOfE^T' AND THE 
CHOICE OF COLOES IN THE CRUSTACEA* 


By BasroALD 


(Tranalntihl by perinlitBlaii imm E*nf-Kilo tJdS ScU^nniB pcireB et ap- 

pUgu4:«ik Porifl, 20tU yent* No. 3, Febmniy BJOOh) 

Ill the following pages 1 shall give a brief thotigh sufficiently de- 
t&iled account of the results of my investigations carried on since 
190S, which have already afforded material for a long series of pub¬ 
lico tions,“ This series, beginning with a short article that I published 
(in Polish) in 190r^^ in a weekly scientifie review at Warsaw (Przy- 
rodu=Naturc)j is yetj however^ far from being ffuished* 

L TUE SELF^DISGCISLNQ AMSlALS. 

Although I am the fir$t seriously to undertake this study, the 
strange phenomenon of self-concealment has in a general way lung 
been known. I am not consideriDg here animals recently discovered 

^ U, MEoklewIcs; (1J Krtib-cq^rDdnlk. Rev. jKtloaalae, Pr^tfritda^ val* 2i Na. 10, 
VanwTie (nwrs 10C^>, 

f2) Kur Ic cbmaiGtropIime et aoti Lnrertilca arttlSetelle. Ooai[ites Bendas Ac* 
Sc.. Paris, t la. No. 21 (tinv, IfMW). 

(3) T<e role den pbenoniea^ ebmoiotroplgura OaaH rr^iuile de^ probl^Mee bid- 
iD^lques et {niychopbjsJolDglaac?. G* B^, t 143, Na 23 (dfe limy. 

(4) CbrojKitnipLsai a ad ploGteifcstitsm. (Tm&etflrldtt of the two precedSnj 5 
natca,} Jotim* of Nenroloay and Conipamtlye PhjTiloloKyp roL 17. No* 1 (1907), 

IS) Analyse expf+rlnioDtale ilo riutfllact dv dr^frulsemi^t ebe^ lea Bmcfaynrea 
oxyrhynqaea Artrli, de Zqot ejcp^t-imcnt et g]f-ii#r.* 1007 (4)p vol. T* Nol 2. 

<0) PrAtHiaaaiJzy[aiil;yiikltjnirt£Hl4iobJektywiM : in^rAwnawearil dOswJadczaina, 
Bi^viie pqteimtiie PbUowJphle, vol. 10, fade, a-4p ot voL 11, fade. 1-2, Var- 
Bovle (1SK17-&). 

tT) L."^5temlue dea cbani^aieiita do Cdleur dc VBippol^te variant 

Leficlu C* R., 1 147, No. J50 (aOv* 39aS). 

(5) Etdile esirikrltiieatale dti fryDchromatlsnic yarlablo de L'flHan* 

Loach. Bull. Intemal de rAcadf-aile E^lonuEee de Cracovle (nor. 1008)* 

(9) Sor Te chSotTJinjpSsme aonnn! dm £\i;^rea. C. R., t 147 faov, 1008)^ 

(10) L^apporEtloa lythialQne et lea Btadi« de iiaKoiae do nayerfrion oxE^rl- 
meatole du cbJorotroj^lBme des Pagares. C. IL, L 147 (d&c* 190S), 
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ftj- irnfumiliar j on the contrary, many people, including the bathers on 
ilic Breton coastj are acf|uainted tvith tlio creatiim tlmt 1 am going 

to discus which are coniiiionly 
called by the name of sea-spiders- 
These s^clf-disgitiHing Crustacea, 
although they t^elong cxeluiiively 

iu the Tether n^trietecl gi‘onp of 
firaekj^ur^ Oit^hyne/ia, are very 
common, not only along all the 
Enroi>efm blasts (of the .Mediterra- 
neaiu the English Chnnne! and ihe 


Pm L-^DtipotlUOiti of Uat ^mnl bMiM 
iQ rrrrvfui-i] St. Edir. 

the f ljjlit »[at M 


titi. a.—aAtond tell Tcwn onfr-r ridr, 

Eiritnriti Ij I 


Atlantic; as far as Spitsbergen and Greenland), but also along the 
coasts of the Far East and southern Asia (pTnpan, Cclcbis, ilava, 
Bengal, India, etc,), in the Pacific along the coasts of Tasiuania* 
— Australia, and ICew Zealand, and along the coasts of 

of South Ameriai (Peru, Oiile, Cuba. Bra^-iJ, etc,). 
Of this group there are more than TO species 1 '>e- 
loEgtng to 33 genera and 4 families.^ 

These Crusia- 



I’aa. s.—Oitiua of 
hoobi uu m. dnnia I 
talwrflA. 
mninf.Mir L,) 


oea, 



whose 
strange habits 
iniprcssed Ju e 
forcibly during the very interest¬ 
ing dred^ug that we did in the 
vicinity of Lhij Balearic Islands on 
board the /fo/ourf, of the Ai'ago 
Laboratory, during the month of 
August, 1903, form a ignite distinct 
^roupy posseasing extraordinary 
morphological adaptations whicii 

«r. not found el^wKere. A SwiM^isii nn hi ru list. Ctir) Aurl villi us Jm 
Zt Vh study of Ihcsp udaptrttions. and it is from hii; work * 

dmt rhave^ukoD the f.w drawines her.^eproduced (figs. 1-7), 

•Tiu Mot pDbiUiijttl bf a AurlvJIlina tlvw on^eaTixTlML - 

sii: 

StMJ^ S.a.rt. il„«ll„ M. 23 , S,„.»K 


—VtrtJoiI BHttob ma^t ttjrwtiKh a 
4kmal booli anti Ihn adjuerttl piarla of 
Ihc rarmpti^^ ^ cUtlln/ cIlittiR^ 

«flCiEii #^^tthfclitJ.Ea aafi naJunc-tluEi 
niB. ( 2 f|ya« coarn'ljrfyf nifAcli.) 
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Of this eDtire group I personally btiow in life 14 belong¬ 
ing to the genera Sten^r^nchu^, AcaTithomj:^^ Maja^ Pim^ 

jind Lawhtff^. But iiUliough [ have made ohservatione on seveml 
fiillerent speeiea, 1 shall j^peak in this nrtide of only two, both 
Ijclfinging to the gejius Ijiinorck (Af. verrifr^^a^j Mline-Edwards 
and M, ^qumado l^treUle), opecics very ckj^lv 
jillieU iiml with identicnl Imbh^ 

IL THE SELF-tX>N€Fl:\lJllENT OF TFIH CILVBg. 

With referenoe to nrAiitfin^ LinniruBy a 

fpecidfs of the family Majideej tlie proot\^s of ewn- 
realinetii has Wn very aceiimtely dcscrilied hy 
Carl AuriviJIius^ It almost iJentlea] with that 
of the of ±Vdi}a^ which is dt^a-ilied belo^v; 

Having found an alga (of any kiiidt red, brown^ 
or green, depending upon dreuiustJinceH)alie crab 
^hes it wdtJi its long, demlcr claws, puts it first 
into its month, nndj while holding it by one end 
with its mnxillipcda, l^egina to tear it to piecess 
witli its two ehiws, one drawing it toward its cara¬ 
pace, the other pushing it aw^ay, 

hen a piece, the size and form of which may 
vary indefinitely, has once been cut off, the crab pushes it with 
one of its claws between ibi maxilUpeds and whirls it aruumi 
si’Veval times, acting as if it were its prey—a mussel or a piece of 
fish. 

After having rumpJctl iti, it inkes it again w^ith one of its claws 
(indifferently with the left or tlie right), then extends the claw 

forward as far as possible, and, 
lifter making a rotary motion, 
bends iL around over Its back® 
and proceeds to affix ilie alba upon 
a group of dorsal hnoks;, rostral, 
branchial, cte., moving the claw 
slightly back and forth until the 
alga hooks on. Sometimes it at¬ 
taches it on the outer surface of 
the ambiilatorr feet* which are 
similarly provided with hooks, by fiexitig the foot and betiding it 
under the ventral face of the carapace. 

I have more thim oner shown this operation to my fellowdalwrers 
in the Imlxiratorics of Alllofrriiiehe-aur-iler and of RtK^-nff. 



Flfl. fl.—lUnrlit gIait CarTetl uoarr 
nntfiil Burinte af iht ahtmJtl towitrd 
Ihc- IhrARfliiBE hookm nC th^ left ild& 
(lA anneuM L, p 



Fid, S.^ I claw 
rCcamedi mn LbV 
Im^Ic nf tlie Anlnm) 
jiail acrai^tQff ihc 
baobi D-f the Ih:^ 
aroup of UPEH?!- 
left Ilifu 

HmrKUJ D 
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Tho pi* 0 C€^ings are the same if the crabs are furnished with 
i^pongefi^ liydroidsj at compound aEciiliaus instead of alga?. If they 
do noi fiiui living material they content themselves with dt^bns, with 
pieces of the carapace of dead Cni^^tacea, with shells—in fact, with 
anything that the}' may find^ paper, rags^ threads^ etc. 

Tlie species which wo dredged on board the fiotmid having como 
from different bottoms and different depths^ varied correspondingly 
in their method of di^niscs esipecifllly in regard to color; and li is 
this very fact wUieb suggested to me the idea of nndertoking fwme 

investlgaiions in regard to tli^ question 
of the relation between the color of the 
covering and that of the environment. 

Tlie oiaterial ^litable for these tx- 
periments I found indicated in thb pas¬ 
sage by M, Hermann Fol:" 

I trlHl onw to nil(f! rtwav trom tt (A/a/a > 
all ttie wcdliii It huTe tnkcn r<nir cat- 

and to ^\vc \t laHtuflA hllH of Imy aiiU 
of white It coDHeleatloe^ly uttick on 

Its tMick tbojc objeetB, which eouki only 
To luitkc It Btm tuort? oiiiiHrlcuciuM thau If It 
imil ret nathliig ih^tv at alt. 

I decided, Lhereforc* to iiise colored 
paper, and employed u fine paper called 
papier de soie. 

Tlie crabs l>eliaTed in regaixl to this material jii^it as if it had Iwn 
an f'hfi {U, hii^tutfi Linncei.u^). 

ni. MADE IN AK ENVIRONMENT OE VARIABLE OOIjOR. 

I J. TiTX COVZEITHM FOLLDWlNu THE KTiYlUOKUK^t* 

The best preparation for e.xperijiients, of which I liave made hun¬ 
dreds, is the following: ^ 

In an aquarium constructed entirely of glass, the bottom nnd tlie 
sides to 8 certain height arc covered with colored pai^ec pasted to 
cardlKiard, so that too much liglit may not piiis through, as the 
cnibs have a strongly markcfl negative phototriipism; they ore photo- 
phobes, in the psychological kngaage of Vitus GraUr and otherst 
that is to say, tliey avoid the direct light, as well as fire screens and 
light places. There are then placed in the aquarium a few thor¬ 
oughly cleaned crabjs, not more than hvo or three, and some pieces 
two kinds of papier dc soie'^—one the same color as the eJtvirou- 
meul and the other hut itifferenl color, no matter what. The ^haiai, 

^11. Kolr I^'liufilnet et riutifiiigeQe^K Rev. Belent., 3* H^rle, No. T (IS8&). 
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the EiEo of the pieces of paper, and ttieir quantity miL^l 1^ absolutely 
identical for the two colors^ so that all the conditioi^ will bo exactly 
the same and no secondory influence may ritiate tJie mult. 

For the same reason^ the ]3ieees should not be so large or* sso niimef- 
ous as fo conceal the bottom of the nquarikiiu. 

These preparations made, the erabs are left m perfect quiet, an 
absaliiteiy oecesHary precaution. 

After a little while (the lapse of time, however, being very vari¬ 
able I, sonietinics at the end of a quarter ut an hutnv the crates will 
1)0 fcsnnd coveml with little bits of paper; if evcrytlung has been 
normal, the physiological state of the crabs^ the temperature of the 
vvnterj etc., they will have chosen the pieces pi^eseuting the same color 
ns the surroundings. If the walls are white, they will be covered 
with white only; they wil] take neither greeu^ nor yelIow% nor black; 
if Lhc walls are green, they will be clothed only in green. 

As 3 control experiment, the cniljs art put into two aquaria, differ* 
ently colored and placed side by side^ or else the color of the aqua¬ 
rium is ehanged, leaving in it the ^yime crabs and placing in it the 
iiame bits of pa[)cr. The results are then very* striking, the color 
of the costume alwuiys corrcstxjridiiig exactly witli that of the envi¬ 
ronment, Theie: is perfc?ct instinct in all it.s adiuirable teleology! 

Thus it is shown lhal these are Arthropods which distingnisli 
colors and, still more ini]iortant,, distinguish ai] colotH" 

It can not be questionctL since I have cstahUshed the objective 
proof, furnished by the covering, that corpus delicti found each time 
on their backs. 

Thus the very long disciissionf-: in ix^gnrd to the choice of colors 
among tlie ArlJiroptxls may be closed, 

I am certain that similar proofs tJOuUi l>e established regarding 
otlier animals. I can already point out two of them: Ihe movahk 
dwelling of the Pagnrids and the huTdcii of the Dromiids. 

My experirnenti? on these animaLt Iniving scaix'ely begun, I can at 
present only the po^ibility of solving the question, the Pngu* 

rids living very well in tubes of colored glass, end the Dromiids 
inking voUmtnrily on their linchs pieces of colored material. 

It may be jx^sslble to increiise the numbi^r of these cases. The 
quest ion is worthy of the attention of biologists, 

Ketnniing to our Maja, it is to Ijie remarked that the process is 
ant so fiiinple as one luighi think at firid sigiit. Positive results arc 
not easy to detain. But this 1 daro affirm after all that T have seen in 

"tt lias for me to iti^LenDloe ali34>hitclv whetlier rlicj- can 

illDtlaj^iii^U ynjiow from j^reen, la iplte nf tlie efttii cxiierLiueuu bnt 

itifit la^ tlie casfi w1tb the PopfiTrld^, tbe LOirniJr. etui oLla>r aalniaLih wtllcU JIji- 
tlugiilali Tliem icoat clearly, better Uaui we tio. 
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Ihe course of two vearii of reseftrch, that if the results are ne^tivo 
OF undecideti^ il is Ixksuso the animals are disturbed by secondary 
causes^ which U i$ nccesiairy to (iud and to eliminete if |joBsiblc. 

Them is one inconvenience about ihe Jiiatcrial employed, certiiin 
papers, like md and blue, quickly and almost completely 

changed in color by sea ^valdr. In these cases I have used success¬ 
fully Ktitne coarse paper placed in the water sevei-al days Ln advatict? 
ill order to soften it and to make it sink. 

t 2^ Tuc ELaditat AccoaaiTia to Tiir Coixsisfi:. 

Tlie eraljs are put into two preparatory aquaria of different coloi^ 
each aquarium containing iiiaterjal for concealnicnt of the saine color. 
Another aquarium is divided in halves, each half corj-esponding in 
cfdor to one of the preparatory aquaria, and Hie crabs ace trans* 
ferred to it after they hove dotlieii theni^lveiif in the preparatijry 
aquaria. 

The €ral)s am then invariably seen to make their way toward the 
half of the aquarium corresponding in color to their covering, re¬ 
maining there a long time. Thm^ for example, in the aquarium red- 
green, the ™l erabi go toward the retl end, the green crabs toward 
the green one. 

The most surprising experiment was one that I made in an aquarium 
dividcHl into thrw equal parts, tlie iiiiddb white, the other two bkek. 
Tlie wliitc craijs readied the tN?nlraI part (white) and stayed there 
during the lime of the experiment (sevenil hour^). The control 
experiment in the aquarium white-black-white gave me the same 
iwuh for tlie black crabs. 

These last results are all tlie more striking, as it is a well-known 
fact that crabs rest normally in crevices, havings as ia said nowadays, 
a thigmotropism (Jennings=steF«>tropisTn of I^oeh), that is to say, 
taking a regular position (+) in contact with solid bodies, 

Tire experiments 1 have [ufit described in pEiragrapli 2 are perhaps 
more difficult to perform than those dcsjcribed in the preceding para¬ 
graph, bet:ause the crabs, upon lieing transferred from one acpiarium 
to the other, are usually much excited and coiLscquently in an ab¬ 
normal pUysicilogi^l Ftate, Thk imist lie taken into consideration 
if one has not attained dcftinite n^nlts. 

TrVliut mnrvcloua instinct, is it not, nf active variable mimicry, if 
wc wonhi employ the Darwinian expressions in use, althougli to my 
mind too anthropnmoriihic! Or, indeed, if we go a little fui-ther in 
the psydiologiciil and determinate path, it w'mild be rather conscious 
diDice, jHThaps even ddil>enit€, carried out with premeditation, etc* 
For myself, I prefer the new- expression, instinctive srnchromiitism, 
wijtnining nothing but the statement of the facta, with no explana¬ 
tion, racdiutiical, sdective, or psychologicuL I prefer this ddimtiott 
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becBiiy* All thA Striking finality of tho instinct in queation is only 
Apparent, as we shall aee immediately. 

I 3. OBaKBVATlOAA ArTAkEiCTL'r COSTRASICTOBV. 

There arc plenty of thesio facts, and they are not the negative or 
indistinct results mentioned !ibo%-c; on the contrary, they are most 
clear and absolutely positive, I will select from them these tliree: 

The firett which I liave already quoted from the oljservntions of 
H, Fol, is that the crabs place on their backs objects which make 
tliein still more visible than they were before. 

Secondly, in spite of II. Fol's observation that “when the vegetable 
covering has increased to the point of Incoming cumbersome it tears 
it bit bj-- bit with one of its pairs of feet (always with its daws! 
II. M.), cleans itself thoroughly, and then proceeds to stick on its 
carapaco”—^in spite of that—I soy—the crabs, covered with one 
t»lor, when transferred to an aquarium of another color, even the 
most discordant, from what I Imve l>ecn able to observe, never re* 
move tlidr old ct^tume. They hang new papers beside the old ones 
in suflicient quantity to fill the unoccupied space. 

Thistly and most important: lu the black aquarium the crabs never 
lake black paper if they find any other color. They cover them¬ 
selves with green, red, or w’hite, making a briglit patch on the black 
floor of the aquarium, instead of concealing themselves, 

How can these strange errors of so perfect an instinct of so-called 
nijiiietism bt; accounted for? Can facts recurring constantly under 
definite conditions l>e considered, as is usually done, as errors of 
instinct? 

Tt will be said, perhaps, that we have here a ca,se of tcrrification, 
of warning colors, to use Wallace’s term, or aposematbic color's accord¬ 
ing to PouUon. But is it possible that under the conditions of elt- 
periment the self-disguising animals transform ihcmselvea in a 
moment into terrifying animals? 

Ifi it not more logical to seek some other explanation? Is it not 
possible to penetrate by careful analysis the ultimate significance of 
these actions, and to find u scientific explanation by which theac 
will be shown neither as exceptional or contradictory occurrences, 
nor ^ iionnal telenlogj' of instinct, but as a resultant* of the physi¬ 
ological detenninism of instinctive actions? This is what 1 shall 
try to bring out iu what follow's. 

IV. BLINDED CHABB. 

I found it impossible successfully to blind the crabs by covering 
their cornea; with asphaltum or any other black substance, as the 
claws of :lfa/a arc too mobile and quick; I therefore cut the <v-ntaf 
peduncles. 

4CT4S'—ait 10(10-Si 
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The animals thus operated upon become greatlj excitadi running 
incessantly here and there, and fighting with all the o(her crtdjs they 
meeL But they di^iise tht^nf^ircs at once, and in quite a normal 
jzmtiner without, howevert any reference to the color of the sur* 
miindiiigs, 

Tlie fact of the pcrsi^Ttence of normal concealment in blindeil ani¬ 
mals i$ of very great ini porta iice^ lieciiiise it proves that the primor¬ 
dial cause of that instinct is not in the photopei’ceptioiia. It is 
rather the tangopera^ptiom^. or the tactile receptions of the i-dawsi| 
and of the flexible dot^l Inwjks. which give riise to the whole series 
of instinctire actions previously descritied. If that is true, then in 
order to acconipUsh these operations the iiiiimals have no need of the 
action of their ecrebral ganglia^ all the movements of the buccal tind 
thoracic estremitiea having their centei^ in the central ganglionic 
mass. 

V. THE INSTINtT OF MAJA AFTEK TlHi <’OUr[.ETE SEV'EUAXCK OF 

THE BHAIN, 

It is impossible for me to giTe here eUiier e description of tlie 
method of opemtinj^ or detniliHl obscrvntions on die onliniils operntod 
upon. I shall simply point oin that 1 made use exclusively of the 
sharp hook employed for the first time bj' IVard. utid Unit I always 
performed the operations on the A'entml side by Bethe’s method 
sliglitly modifie*! 

If the openition is well done® the animalf, after the severing 
libove the cesophagns of the two longitudinal contiectivos, the only 
communication hetween the cerebral guTiglin and the sulxEBophageal 
ganglionic mass, live long enough < I have kept tliem as long as five 
weeks) for one to study them siiflicienlly, 

A\'licn the shock of the openition hns disappearetl, all the most 
complete reflexes remain intact, as has been known for the lust ton 
years from the excellent work of Bethe: The animal can walk, chooses 
its nourishment, cats well, defends itself, etc. 

But what interests ns cspecislly is, that it lieglns tieforo long to 
dean itself, scratching the hooks witii its claws, cspocially those of 
the anibnlatory feet and the posterior extremity of the thorax, but 
also, though very rarely Ijecouse of the weakness of the musdea, those 
of the superior surface of the thorsx. If the crab happens lo touch 
with Its claws a piece of paper or plga, it is often seen to disguise 
itself, executing the whole series of movements without omitting 
any, and in the same order as when In the normal condition. 

“This la r^rlftcO In studj'lDtr tnn almiile reflesra, (rvowtaliy tliosc ot tlie 
AntHtus Attd the ejes. Alter Un? QbtjHsn'AtloiiB an:! dnlubcU jld uutopAj itA 
IwrfoltDred. 
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T hevR J)eeii able to show this more than once at the laboratory of 
RfflW'oJT. On tho other hand, the crab often takes bits of pa|>er with 
its clawB and throws tJiem far away, as it rejects the nouriahment 
that it ran also hook anywliere on its carapHCe. 

There Is notJiing strange in this variability of the reactions, when 
analogous facts, sometimes much more iking among animak not 
o|7crated upon^ are l>oriie in mind. The explanation is fonnd in the 
intemaJ pertnrljotions of the ]>hybiological state, which are com- 
pletcly iinknoivni but of which the modified reactions of the animals 
give incontestable proof. 

The essential thing in these experiments is that the instinclive 
actions of concealment lake place after the removal of the brain. 

'Wiiiii ccindiisions can he drown in regard to the psychology of 
instinct I I know of nn!y iwnt Either it mii-^t be frankly admitted 
that ran know' nothing definite, and, consetiuently, must rp- 
noiincf’ in scientifig studies of instinct all psycholfjgieal tendency, nr 
else it must be declared as frankly that the animal psych Ism, at 
least the inferior, instinctive, and titiconscions psychism, us it is 
rijstnmaiy to call it, is not necessarily connecled with the brain; that 
it is, iiLstead, diffused in the entire ganglionic nervous system with¬ 
out the necesiiiy of its iinaiumicnl fimciional integrity^ 

I might Iw criticized^ on the ground Ihat, in cutling the con¬ 
nect ivea^ T did not eliminate other possible means of communication, 
as by the peripheral nervous uetw'ork {cf. of the tegument ary nerve)* 
But the experiments made afterwards at YillefrancWsur-Mer (1P07) 
on completely decapitated Phrommm as well as the numerous 
analogous observations on completely decapitated Inserts and myria¬ 
pods, cKpeciolly those of AVagner,"* on ^■€pa Geaphilu* 

etc., show in an indisputable manner the alight founda¬ 
tion for UiLs supposition* 

Thus, the exiJcriinental method hy opoTatiou enables ns to establish 
the phystologicfl! determinism of the in.slinct of self-ccmcealmeiit, 
which h nothing else than n Berie^ of reflex actions of the anterior 
thoracrir estiemitie^:, iiiduccHi hy the tftngT>JM?rceptions of the claws, 
direeled by the tango- and chemoperceptions of the buccal pieces and 
helped on hy the tangoj^creepilons of the flexible dorsal books. 

It is not dilFicult to demoiistnite ilirectly the sensibility, or t>cr- 
haps the tactile rec’eptibility, of the Insoks. It w:ould be most inter¬ 
esting to study their innervation in mure detail. 

The determination here indicated is not yet complete, os it con¬ 
cerns only instinct artificially simplified in animals modified by the 

Tve» DelEge In the iflaeuasloo which looV place after aix ftmt 
lecture at aoBcoff (Beiaeial>er 11, 1006). 

^\\\ W'figiiar: Les |;ircbt&o]e& de la Zocipajcholo^le (St. Peterabttri^ Id Eaa- 
elan, ISOd). 




474 AN^StTAL REPORT 3MITHRON1AN INSTITUTTOK, 1^. 

r«ZDoVii of the eves (or of tha ocular nen'e corda), and thus de¬ 
prived of all the perfection and the charm given by the photore- 
actiorus. It would perhaps be sufEcient to conceal the crabs under 
the normal conditions of their life at the bottom of the sea, uiiioiig 
algse^ sponges, etc. 

li however, much more compUeatedj and the inost difliciult part 
remains for us to analyze. 

The problem of the choice of colors, of the existence of which we 
have given incontestaldc proof, cannot be solved at once. It wa.H 
hnpossihle to enter upon it before the discovery of chromotropisin as 
a phetiomenon sai independent of common phototropkin—a 

discovery made by myself at Hoscoff in 190G, 

V L animal CHHOMOraOPli^iL 

I ha VO given this name to the kinetic reaction of animals in rela¬ 
tion to the action of colored rays (or screens), ibis reactiim being 
either positive or negative, m in all other tropi^ms. 

It must be pointed out that I do not propot^c imy iheoiy of chro- 
motropisnu nor of tropisms in genera]^ the physiological nature of 
tlie pbciionieiia being at present too olis^:?ure. 1 nndersland the facti 
to which 1 apply the word tropism, as lucludiug only the objective 
^itatement, w'itl] no explanation, whieb would be premature in the 
pi-esent state of k^owl^ge, 

Tlio freshly batched larvie of Maja s^umado (Zos^) present* as 
well known, a very marked positive phototropism and heUotropisni. 
I have been able to prove that they arc at the same tmie very sensi¬ 
tive to the chromatic nijs* that they arc constantly directed \oword 
the rays with the shortest wave, that is to my, toward the violet, and 
in its iil^imcct toward the blue, etc. 

They distinguish also all the vbible ray.^* The reaction is Hlinmt 
instantaneous: All the Zoteas swarm toward the most refraiigiblem^'s 
RK soon as they come under their influence. 

The phenouienou taken place not only in the horizoatai ghii=s tLibei^. 
but also in vertical tubes, whatever niaj’ be the distance from the 
most intense region to the surface of the water. 

I'hc Nemertcan, Lineua rnber^ behaves in a very ditrerent ruanner, 
h Irst and foremost. It is strongly motive with respect to diffused 
light. If ihe individuals arc put in small square crystallizing paJLs, 
and colored light ifi made to fall upon them from only one aide, it 
is found that the animals ttirn inmiediately and invariably toward 
certain rays (red, yellow; posiitivc chromotropism), while they are 
repelled by othera (blue, green; negative chromotropism), all the 
other conditions being identical in the crystallizing pans, which ore 
placed side by aide. 
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Now. Uie ^nlniaL is decUiedly positively erythrotropie (+) and at 
the same time negatively janthiootroplc (—). The result is, it seems 
to me, siifriciently concluBiVe. 

But I have ascertained facti^ much more suggeative, drawn from 
mimerous experiments that I made during these last ye*t^, very 
varied experiments, bearing upon the most dissimilar animals {An(^.- 
Xem^rteans^ Dapkniid.^. Phre^nimus Pf&mtids^ Pagurid^^ larvw 
lit Sticc^irrus and of CnieUicea, etc,), and conterning both the action 
of incidental light coming from Ihe prismatic si>octriiin or from i'cA- 
nrvd glass, and the action of light reflected by screens and by colored 
liackgrouuds. 

It would be superfluous and inconsistent with the aim of tliia article 
til dwell too long on the qtiestion of chroinotropism iiiul to give a de¬ 
tailed dcs^cription of all my results, 

1 shall select oidy wliat is necessary to And the data in the succes¬ 
sive development of my analysis. Among all these residis there are 
two wdiich are of chief imjjortanife to the problem which occupies uw. 

The first is, that 
it is not tmly direct 
colored light wiiicli 
produces its specific 
t popic act ion, but al-^i 
daylight reflected 
by colorei.1 surfaces 
on which llie ani¬ 
mal IB placc^L 

TIuib, for ex¬ 
ample. rii- 

W, an erythro- 
impic animaK becomes moi ion less in ditfused daylight on the ml 
flofjr of a stuall aquarium the b<>ttf.im of whicli is divided into tw'o 
purta differently colored^ or, in the absencci of red, on the yellowy 
green, etc,, always on the background wddeh lias the color nearest tu 
red and avoids tlic one the color of which is neartst violet, the eondi- 
iiuji,s of lighting being idcnticaL 

Tlie second result is the autonamy of the pKenomena of chroiun- 
tropism luid their functional independence of ordinary phototropism 
<with relation to daylight). 

One of the best proofs in this matter is fumished us by the cjise of 
the Pag^irids* It is to be reniurkcd that each animal Quires par¬ 
ticular conditions in order to manifust its cluxanutropic peciilaritics. 
Those conditions must be ascertained or no results will b6 forthconi- 
ing ill regard to the present cpicstion. TIiub tlie Pagiirlds {Bern- 
hitrdm S. cuaneri^^ B. etc.) riiaiiifest their 

chromotrupism only when placed on the bottom of an aquarium of 
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two colors wnth cliffiif^ hecI equal light iu the two hfllve®^ shown 
by ligiu'o 8* 

All tlio other processed successfully employed in my studies on 
otlier animals giT€ no clehuite r^tilts In tha cose under cDnsiderution. 

But Ln the conditions indicated^ the Pagiirids arc Fery favomble 
subjects for ex]>erifoentatiou, os their sliell permits them to turn 
aside from all e^cteriml excltution and they may be placed in a de¬ 
sired position on the line between the two colored surfaces without 
oTer esciting them. Placed on this line and left in complete quiet, 
they graduolly emerge from their shelter, and at the moment of their 
emergence from their shells they feel the difference in the reaction 
of two colored enFironments on their eyes and their neuro-niusculnr 
tonicity. 

This iliffotenoe manifests itself as soon as the Pagurids begin to 
niovii:, and then they arc seen to turn immediately toward the tropic 
color (more strongly ptisitive than tlie other). 

1'he color grecTip in the ease considered, the most positive; what- 
orer be the spectral color (red ^ yellow/blue, violet) coupled with the 
green, the Pagurids will turn always toward the green, as is well 
shown in figure 8. They are, then, chlorotropic. If kept a long imio 
in the nquarium described, they occupy the green side, never ending 
(during the day) the fatal limit. But diey ore ut the $Hnic time 
phototropic (-f)^ or ruther, lencotropic. On tJie white-bhick back¬ 
ground the white will he cointanlly chosen. Thut can Isc l■ep^esente<l 
Ijy the formula! 

(1) (— ) black ^ white (+). 

The white backgrounrl is even more positive than the green* as is 
expre^*ii by the furmula: 

fSi) (—) green — white ( + ), 

Tlie tropic value of any other color (green excepted) corresponds 
to ib> position in the solar spectrum and increases in the spcidral 
order tow aril the violet, according to tJie formula: 

(3) {—) red -* yellow blue violet (+). 

Thus, for example, on die rcd-yalloTv surface the Paguritls pro¬ 
ceed toward the yellowy on the yelloiv-violet ^urface^ towanl the 
violet 

Black is the most negative, thusr 


(4) {-^)hSaek^red{-h). 
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If green did not esisty the scale of tropic values w^ould be: 

(5) (—) blm^k —^ red ^ blue —^ violet white (+)» 

Dormal^ according to Loch's thecrv\ 

Btit the greeu ijossesses the 5?atne iiiHuencc over tlie Pagurids as over 
the J^Lunan eve; coiisequcnlly the tropic scale appears quite different: 

(G) (—) black red -* yellow —i- blue violet —»greeu -+ whiu {q- ). 

It ij 5 certain that it is not the intensity of color that plays q pre- 
poiulcrant role hene: careful coniparison of the tropic reactions of 
till* Pagiirhls (positive animals) with those of Lineus (negative) 
and <sr-pecially with those of Zosefc (positive), in relation to the same 
ch roil I a tie niys^y givfe^ sufficient proof. In the case of the Pagurids, 
the yellow h much le.^ tropic, not only witli regard to green, but ako 
in relution to colors slightly intense as blue and violet- 

VIL THE EXt'EniMENTjLL INVERSION OF CHROMOTROPISM, 

Thus, eocli chromatic ray has a sjxcific action, autonomous and 
independent of the action of the otlter chromatic rays and of that of 
wliite light* 

Hilt this stateuienty although very importsnt, w'ould iiot give us 
the menus of examining cTjrefiiUy the instinct of Helf-minrealmeiit, 
had I not obtained at the same time the inversion of chromotropism. 

After long and fruitless re^icareh with Lnotonic solutions of vurioun 
chlorides, with concent re led spr water, etc^, I accomplished ni}^ ends 
ill quite an unexpecU^ fasliioii, by an extremely simple process, 
namely, the addition of distilled water (from 25 to 80 cubic ceiiti- 
nictt^rs to 100 cubic centimeters of j^a water)* Placed hi that solu¬ 
tion Liiitua rubier becomes the next day wholly janthinotropic* Wliilc 
remaining negative in rektion to white ligJit. it turns toward the 
tiiop^t refrangible rays of the spectrum as deeidfajly as it had previ¬ 
ously avoided it, ft is by this process that 1 have Tieen nble to sepa¬ 
rate chromotropism from phototropism, and thus prove in an indis¬ 
putable manner its functional autonomy, which I have mentioned 
above. 

If, l^fore this, the normal Lmeus, put into a horizontal tube par¬ 
allel to tbe luniinous source and placed liehind n series of dilFerently 
coloretl plates, all assembled under the red plate or, in its alisence, 
under the on a which allows the least refrangible rays to pass, they 
will now all mumble under tlie plates widch allow the passage of the 
most refrangible rays, 

Tims, the change in the phys^iological state of the organism under 
the influeucf of the dilutiun of the surrounding medium brings about 
a chauge in all the reactions due to cbroniotropisnL 
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But hydratatioii is not iieccssfirjly united with janthinotropism of 
nor dhbyilrHtfttion with en^throtropism, as might lie inferred 
from tho fitatement^ of G* Bohn.* 

The following facts show ihi& well: 

1®. Tlie invmion of iho chromotropiajn of tho Nomorteans, appear¬ 
ing the second tlay^ continues generally two days and disappears tho 
fourth. The animal becomes normnI—erythrattopic. 

2®. After having lived during Iw^o or three weeks in my solutionis 
(sea water with distilled water), and presenting consequently their 
normal chromotmpism (erythixitropism), the Lineus changes again 
when it irflii^-ferred to pui‘C .sea water mid Ix^comc jn nth inotropic. 

It would seem to be therefore rather the disturbance of the physi¬ 
ological efiuiHhriiim which provokes the inversion of tho tropisiiiH, a 
fact which agtxies weU w’itli niy reexmt experiments on the PaguriiR 

Lict IIS leave a normal and djiorotropic Piigurid in a sqiian^^ bi- 
colored basin^ of one to two liters, wdthont changing tlie water* 

I^et ua try from time to time its cliromotropkiii by putting it on the 
line dividing tlie two cobrn, 

A few days afterwards we shall see the animal gradually intoxi¬ 
cated by the prudiict!? of ita excretions, change the type of its chrmiiiN 
tropism and become ckurJy erythrotropic {and negative ivith regard 
to the white screen^!). Tlie scale of tropic vLillies of the different 
colors renulins the samet but it diminishes toward the green arifl 
white, the negative action of which is strongest^ according to the 
foriiuda! 

(-f-) bifick ^ red ^ yellow <- blue violet %- green white (-). 

Thus, on tlie green-violet background, the Pagurids proceed toward 
the violet, thoqgh they are negatively phototro|jic and mthrofropic, 
which iigBin confirms the relative autommiy of the tropic actions of 
the different light radiatiorui* 

Tho results essential for us arc; 1^, that the change of chromo- 
tropism k no longer a possibility a priori, but a concrete fact, experi¬ 
mentally established; 2®, that the disturbance of the pby.^hilogical 
equilibrium, which determines the dianges, can be provoked bv the 
mo^t diverse agents. 

TIIX. TUK VAKIAIILE CnRO^rOTOOPtSM OF HIpPOf.TTE AS A XORJlAL 
PHENOAfEXONp ACCOaiPA>iTING STNOHllO^ilATtSM. 

Is it not possible that among the agents w hich provoke the altenj- 
tion of the chromotropism may be aUo found tlie luminous agents 
and especially the chromatic properties of the surrounding mediuru? 

Baba : AitrartloiiB ei oucinatloivi dca jiiUtinnii iiiiirinji litturwiix roub TID' 
Uueace de la JcmiJ^re. tiiBt. gfjL 1 . 1 . 
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It has icing been known that ther« ©?tL^Ls a clo«o relation l>etween 
the phoiotropisjn of an animal and thfj intengitj of the light to which 
it is subject^. 

Groom and Loeh^' Bm on the larvoe of and later G. H* 

Parker on the eopepod LaMdocera; S. J- Holmes <m the amphipod 
Orehesth and on the flagellate Votvox; G. R Adams on the annelid 
Alhloh&phor^ etc., have shown that the changes fix>m positive lo 
negative jdiototropisiTit or the reverse^ are produced under the inJlu- 
eji(56 of the intensity of the light alone; that is^ of the ampUtinle of 
the waves of the lutninoua radiationE^ 

It is not impof^sible^ theOj at least a priori, to find analogous cases 
in which tlie Lnveniiofi of the chrotiiotropij^i nsigla be prwliiced 
under the sole influence of the wave iengtli of the lunrinous radia¬ 
tions, otherwise called their chromatic quality. 

Of course, this phenomenon can be frotablished only with regard 
to animals which ai*e extremely sensitive to limit nous agents. 

They nuist be endowed with such plasticity of their sensurimotor 
organization that its ^ate is capable of being changed under the 
direct action of the chromatic enviromnent and that tbh^ change may 
Ik? manifested by their tropic movements. 

The immber of such creatures is evidently very sninlL 

At present 1 know, belonging to this category, only tlie little 
shrimps of the genus IlippalytA (//. I'ar^u) and the self^disgiiis- 
ing ciobsp 

It is as a result of the work of two English biologists. Messrs 
Kceble and Gamble,® that I have recognized this pLieiiometioii 
among the Ilipp 0 l^/U, I give here aome passages from their first 
work: 

Tbiit itio prawna exert pc wore of BolecUoa vfXm re^>wt to ibcSr woeil wUl 
be n.'ad!l^ reallMj fiwn platen S2 and 53, rtuiires \ to U, represeiitLag iirawns 
placed ta a dlnb witli j^ta watar^ to wlilrb HtibaectEiaulljr pltHica of dllterfait 
coloarod w^Ia were addctL Tlio praiAna wort* left freo to Beleci rli^lr w^kIs, 
ntiU . . . tbej euecerUpd In making woudor/uTly a ecu rata colour inatcliejc , , , 
Tao brown variety of Hippalptc rafmfla (iiuLtiire apeeinienfli) abounds amutig^t 
th^ uuifjiSM of liruwn Ualidtyx wblcti Uouriisbes In the LamtiuirlikU 

Eone.'^ - , . Young BpccluiEyna of a unlfonu brown tint occur ebtedy iiuioag 
ttjo froDda of dk^holoma. Mature pmwua urc RoaiowLal rare 

at Pkd, Lbongli young one? are plentiful In the cK-ar and Bhullow ^i^ntcr of the 
y^ofiera poola, Reit again, la not a tint commanly found tn tuU-grawn Uippo- 
Itfte variaiia at Plvl. though a few large anil many Biuall pink apceliDoiiS were 
fptnn tlhio to time iIlftoi>vcrrtI. Very probably iLe odmeu-bat muddy water, 
Htuiitcd wcedo, ami ttw comparative flcfirclty of clcaii red weed are die causes of 
the rmrlty of thJa form. 

Groom a. Locb: Der BelJotropIsmnt^ der Xaiiplieti tou Balanvg per/ortifat 
und die porlodlsclien TLefcuwaudeniDgea peliiglM^ber TIere. Biol. Centralbl 
iMl. 10. 

» Kceble Olid Gamble: Hlppolyte varlans, a Study in Qo]Dur^:haDgeL Quart. 
Jour. Micr. Sc.. L 43, pp, OOl^UtXi 
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This phenomenon, which the Knglisl) authors term choice (power 
of selection), b only chromotropisni, but very eeunplicated, very 
much cIlfFerentiftted, anJ us k were, itulividunl. 

For this phenomenon 1 have proposed tlip olijectivc nnnie of syn¬ 
ch roniutic chromotropisni t a niinie well descriiiinj^ its specific chnr- 
ucter. 

Tt hut, then, are these ehromutic varieties of Ili'ppolyie^ having 
eucb its synchrumntic cliromotropistnl 

In the third inetnoir by Keeble and Gamble,* in tlie ehnpter en¬ 
titled “Sympathetic coloumtion,’* we lead that theyoiin^r individuals, 
stilt colorless, or nearly colorless, rapidly iissume' the colorntion of 
the nigge upon which they are placed. 

What is still more imeresliiig is, that not only young colored indi¬ 
viduals!, but also adults which Imve been Irnnsferirtl to backgrounds 
of another color, readily change their initiid coloration and assutiic 
a new one, which is exactly that of their environment. 

Tin* following are the principal results of the experinumts that I 
performed cm this animal at Roscoff in IPOO-T: 

1®, I obtained numerous ilippoiyte of the following colors: 

A. Simple colors; that Ls to say, in which the corresponding pig¬ 
ments are only dilated; (a) Rwl. dark and light; (ft) yellow, dark, 
light, and whitish; (c) blue and bluish (tnmsjMU'ent). 

a Conifmsite colors: {(f.) Orange (yellow pigmeiit-f-red pigment); 
(c) green, lemon and olive (yellow jjigmciit+lilue pigment i» dif¬ 
ferent mixtures); </) violet, dark and lilac (red pigment+blue pig¬ 
ment). 

Without counting tl» u<ujnl colors—green, bniwn, and brownish 
(the Inst two composed of rwi pignients-|-yplIow+bliie). 

Thus I obtained all Um fundamental colors of the solar spectrum 
with numerous slmdes, dorreftjmnding always to the color of il!e num-r 
used. * 

It is surprising to find in (he above results tiic bright color^ 3-eIlow 
blue, and violet, which are not met in the natural etivironment of 
l/tp/fidyte ns it lives among plants and algic. 

It mast bi< deduced from this fne^t that the extent of the chromatic 
plasticity of Hippohjte b not due to nature) selection, that it b of 
primary origin, and depends directly upon the chromatic agents of 
thv tnvi mi merit, 

2». Eveiy climinutic variety, whether natural or obtained experi- 
mentally, can be changed into any other. 

3® The intensity of tlw colored light j>laj'ii a miicli less important 
part than it s chromatic equal ion; this may be coneliided, at least, from 

■Ketble tuid Uamlile; tin. entunr pLretoloar i>f <'ruata<'««. 3, o hii 
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the e:cperimcjils ttmde m 1906, in wLirh 1 obtninod tli& same colors 
in Hippotyt^. with varkd intenaiiies of lighting, in aniall ciystalliisiiig 
pans wrapped ill fine colored paprs. This metliod is a little too 
primitive, but it was the only one that 1 was able to employ, 

4"* There fjipp&lyie^f veiy ill adapted to change {within » 
week or rHore). Biit if they do alter their color, it is only ufleT the 
molt"* that the chaiigo appars, either in prt or totally. This 
pro\^ that the molting is not meMy an external [iroco^^, hut n 
process which affects all the tifsHiies while increasing their plasticity. 

0®, Onee changecL the color of the Hlppolyte^ even in the most 
oljstinate, becomes plastic and can be changed with astonishing 
rapidity, sometimes in ten nizniites. 

The fact is most interesting to me, lx}caiLEe it demonstrates the 
part that habit (in the purely physiological meaning of the word) 
may have; that is to say, the use or tlie want of use of an organ 
Lamarck has said) in the formation of the iiermatient varieties of ml 
animal primitively polychromatic. 

Thus the ideas of Lamarck, often derideil, again take the plaw that 
is their ilue. 

Xow tlie chromatic varieties iif IIlppoiyff\ are devetopd only in- 
dividually, without being hereditaria 

And siiu^e each of thi^se diversely colored indi%ndnals lias, according 
to the otisi^r vat ions of Keehk imd (gamble, its correspnding specific 
chroniotropism, it h evident that in acquiring its coloration it acquires 
Hiiniiltaneoiisly its synchroinutic clirf>inoir<ip]snL 
Color and chronintropism are here iiitinrately connected ; they are 
always synchroinatic with the color of the environnientj under the 
direct action of which they develop each time by a sort of resonance 
of tlie entire organism, as well as of its chromatophores and its 
retina” ns of its oeuro-mnscnlar opparEitos. It b impj^ible for 
me concern myself here with the ejuestion of this chromo-kinetic 
resonance, to whicli I shall devoto a speial chapter in in)' next work 
I have wisheil only to insist iipn thb eotistont pa nillelisru of variable 
color with variable chromotropisui. 

It would be most impitani and interest itig t(i atudy by the expri- 
mental method the progressive step in the changes in these two 
phenomena ; to try to establish whether these chiingcfi are absolutely 
simultaneous or whether they follow^ each other in time, the parallel 
ism being then only the definite stage of the physiological process* 
This is a problem to tempt n biologist, and one which, 1 betieve, 
it is not impossible to solve. 

It is certain, from my researches, that the power to effect changes 
of color diminislies with the prolonged failure 10 exercise the chro- 

^ niottiua of hb uf manj dUH'r i'rtinttacea, oceura tLabltuatlj’ 

UuriuK tilt' 
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tdalic pla^idtj of the aninifth It is probable that in the fixed coo* 
ditions of a colored envirooment the plasticity of the chromatophoree, 
diruinishing by degrees, would become nonexistent (after a long 
time). The color would then be constant. 

Would the chromotropisni lose its aynchromatic resonance also? 
I know nothing about this. Btit it is probable on a priori grounds 
that there ore creatures which, having completely lost their power 
of changing color, because of the anatomical structure of their in¬ 
teguments, have preserved or evolved their chromotropic plasticity 
and their chromo-kinetic rc^nance of their instinctive nioremeiits. 
Such is the case of our Majti, 

And so wc are brought back after all to the iiiimetlinto subject of 
the present uiialyida. 


IX. THE *• CHOICE” Ofr' COLORS, AS INSTtKCTTVE, VARIAHI.E SYX- 
DUE TO THE CHROilOKlXKTlC ltESON^\S^CE OF THE 

animal. 

We are so fortunate to be in this di31 cult finestion by the 
objective proo^ which .l/flyo presents by its covering and os IJippdyU 
presented by its ftrganic color. 

The fH>vering indicates each time the chroniaiic past of the cnibs, 
the envimnniem in which the crabs hiive Hvetl, The “dioioc" of 
colors pn-srritB itself tlioii in the foilowing aspect; 

I 1. TIIK "CriOlCE" OF COVEKISO, 

The auiinal, pul into a coloi'ed cnvirouijient—green for instance^ 
in acquiring under its direct influence, by chroino-kina lie ri'stmancc, 
the wrresponding eiu-omotropiaai (s^chromaiic), becomes chloro- 
tropic. and consequently negative in relation to other colora. If it 
finds colored papers, it can take (that is to say, approach) neither Hie 
red nor the white, etc., these colors making, in tlie green aquarium, 
negative spots (repellauv) for the ehlorotropically adopted animats. 

It will disguise itself, then, in such grocn jib it encounters while 
vvandertng over the green surfaces. It will do the same in an en¬ 
viron nient of any color, except black. 

It will now be understood, what would otherwise be inexplicable, 
why the old coverings in the experiments of chapter III, paragraph 
1, hod no influence ujjoii the color of the new covering. 

It will also be imdorstood why one should not use t4jo large or 
t<Hi numerous bits of paper, the characteristic color of tile iiquarium 
diminishing relatively Its decisive influence. The bits of paper 
should not be, however, too Email, the negative tropic surfaces ef¬ 
fecting, then, either no action at oil or an action too weak to prevent 
the animal from approaching it. 
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Again, it can be seen why the cxabs, in numerous espermiente, 
selected all the synchromatic papers, without haring touched the 
cordttiit papers, although these were present in considerable quantity. 

I ^ The Choice, ar E:T¥iM?tfMKKT. 

The animaLs disguise tUcmselTes in preparatory aquaria of a cer¬ 
tain color, containing only papers of the satiic color. Under the direct 
action of this enviroiituent they acquire the corresponding chromo- 
tropisni. Once put into the conditions where chroniotropbm can 
\k. attaiiicd, as in our p.'tperiments of chapter 111, paragraph 2, in 
the aquarium dirided in differently colored halves, tlie crabs proceed 
toward the corresponding eiivironinent. The covering itself plays no 
part in this phenomenon. It is of use only to the esperimeuter, con¬ 
stituting a tnie recognition mark, thanks to which one cannot be 
deceived as to the chromatic past of tlie animal. 

In order to confirm this manner of regarding the fads, 1 went 
Bgsiii to Villefrunchc, especially to perforra some now experiment 
and to procure somo irrefutable data. 

1°. £ rulFictl Severn] ifttja during a certain time in colored aquaria, 
without giving them material with which to cover Ibem-solves. I 
then studied llieir reactions with iTelatlon to tlie colored surfaces of 
another aquariiini divided in two. The corresiJonding dhromotrop- 
ism was established without covering, 

•2*. In an aqimriuin of any color whatsoever, for example red, I 
have noticed the favorite ” comer where my ttiigmotropic crabs 
habitually crowded together. Afterwards 1 have ciianged that cor¬ 
ner to a different color, for instance green, 

Tlicii the crabs liarmoniring with red no longer laime into this green 
corner wdiich now presents a surface negatively tropic, hlany times 
T found tliem near the limit of that color, wiiere they stopped and 
after a riiort time drew back. 

Than I changed the discordant comer. Tlie crabs frequented it 
again, but now they could not go beyond the boundary of the new 
negative comer. These tw-o recent series of exi>erinients are, it seems 
to me, sufficiently conclusive. 

I ^ ElLBOBf QF [RETlIiCT^ 

Emtrti of instinct ” no longer osist in our oxplnimtion of the facts 
of self-coiiccfllmeixt. 

In the black aquarium, the chromotropic action of the environment 
being nil, each colored surface (papers) which might be found would 
exercise a positive action; the animal would go toward it and would 
clothe itself eventually with colored paper and not with black paper, 
which eserts no action. It may take some occasionally, if it meets it 
fay chance, on its way toward the tropic paper; but that only vei^ 
rarely ooenrs. 
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If we oompare once more the facts of histological sjrtichronmtism 
of flippolyte witli the facts of accitlentAl or instinctive ^ncbro- 
RiQtism of J/c/tf, we shall see ihat the essentink of the two phenomena 
are idetUiesL and that they consist in a chromo-kinetic resonance in 
respoiisc to the liiminons agents of the environment. 

Thus resonance, by tite mecUnm of the rctino-neural channel, is 
manifested in flippolytf by the kinetic phenomena of the chrom&to- 
phores, while, in the it is interpreted hy the chromo-kinctic 

phenomena of the entire animal, that is to say, by the chromotropic 
riiovcmcniH which necessarily determine the corresponding conceaU 
ment, 

Tliis is all tliat I have to fiay in regard to the experimental analysis 
of the instinct which leads the Btachyiira Oxyrhynrha to disguise 
themselves. There remains only to recapitulate the tesults. 


X OENEItiVT. COXCT.nSIOX! TITE PHVStOIjOOlCAL Dfn'ERMtMflll OF 
TttE tXSriNCT OF SELF-CONCE.tLMENT IK ITS EXi$E^tItL& 


I feel obliged to apeak only of physnological determinism, exclu¬ 
sive of any psychological tondeiicy. The reason w, that it ia alisq- 
liitely impfflisihle for us to know anything whatever respecting the 
psychic slate of the lower animals, to which one can not even apply 
reasoning by analogj* with our introspcctis'o states. Thus, the <pies. 
tion of choice,” either conscious and volniitaty, or determined by 
** senfiations of color, sensations “ agreeable jn certain comlifeiona 
and ** disagreeable ■’ in others, this question may be very interesting, 
but it does not exist for us as a scientific question: all the more as 
everything takes place with our animals as if psychic f?tetefi did not 
exist, these states having no inHucnee over the coiiree of the instinct¬ 
ive reactions that we have just deserilicd and aiialvzed. 

Now, neither from the gnoseological point of view, nor from tlio 
methodological** point of view, have we <mintiiit1ed an error in limit¬ 
ing ourselves in Ihk study to the objective method; Physiological 
(extierimentaJ) and biological (comparative). 

Here is the general result r 

The instinct of the Ma}a in nil its curious complexity is composed 
of two parts, the second of which, the one which eoiis-titutcs tlie fun- 
flamental part of instinct, can be separated and studied liy itself. 

This simplilication of instinct is shown in the cnise of the resection 
of the cerebral mass ^ntaining the photo-receptive ganglia or of 
the removal of the periphcreil organs of photo-reception. 


•ThafnncliimefltJil stahwnt of my enoaeoIoiEtcnl and metbofloloElcal conwo- 
tlow la tt»iwrcL.>(»By will be found In tbe Um jisre of my comiXetc work in 
the Becue I*ot«>nalaa dc Pblloaophlc (Precxliul lllo«aJcxDy), rol. 10^ fasc, 3 , 

lilr fl twi Wy 
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In instinct not maimed, the first phase is that of the diromo- 
leactions of the animal in regard to the color of the environment and 
the colored surfaces of the objects of concealment. The material for 
disguising is determined by the \-ariabIc svnehromatic ehromotropism^ 
which drives the animal inevitably toward certain colored surfaces, 
according to the sum of the given conditions. Once the animal 
toudies the material, whatever it may l», if nothing prevents it, there 
begins immediately the long series of very complicated ntflex move* 
ments provoked by the ton^peraoptiona* of the daws, directed by 
the tango- and chemoperccpiions of the buccal pieces, and helped on 
toward the end by the taiigoperceptions of the dorsal hooks. 


<>TacUk‘ pvtceptiona 




THE ORIGIN AND DEVELOPJfENT OF PARASITiaVL 
HABITS IN THE CUCULID/E,- 

tWItli 3 filntcAl 


Bjr C. Tj. BARiterr, Molbournc*. 


For nearly two thousand ynira oertain remnrkalile hnhita of (lie 
fainih' Cuciilidii' have exercia^ tho mindii of tiaturaliHli; and philoso¬ 
phers. 'I’lie uri^in of these habits has remained hidden Iwhind an 
impcnetrahle veil of mystery, which is only now being; slowly ami 
patiently lifted by iiicans of the oljtser vat ions niiil researches of a 
Diiiiiber of ornitliolo^ists in different parts of the world. The first 
actual record which has come to us out of the past of the imusual ways 
of these strange birds is containwl in a Scientific ticiatbs written by 
one AHiaii, a Ijiljn author, who (lourislicd during the second century* 
Ill this ancient Dionogrujih it b stated Uiat the cuckoo always lays 
her eggs in tho neshs of other birds, being too indolent to imdertako 
the care of her fiwn offspring. 

IVe do not find ninny other important nefei'encea to the cuckoo 
until the time of Gilbert iVliite, the famous old naturalist-parson of 
Selborue, whose charming scries of lettera on the wild life in his 
ITanipshiit? home, known to us as The Natiirul History of .Sel 
borne,” are full of interest still. Hliite mentions that the European 
cuckoo {€'. canorta) is a summer migrant, appearing in his garden 
early in the month of April each year, and the whole of one letter, 
dated from .Sellmme, Fehniary 19,1770, is devoted to a consideration 
of the habits of the mysterious stranger. 

Dnines Barrington, a wealthy and uristocnilic vonrig naturalist, 
had written to the Reverend Mr. White, asserting tliat the cuekoo did 
not deposit her egg indificriminately in the firet nest slie came across, 
hut, on the contrary, searched out tlie home of a bird whose natural 
food was to some extent similar to her own and therefore a desirable 
foster patent for the prospective bsby cuckoo. AVldte, in reply, said 
that the idea was quite new to him, and that, after giving much 
thought to the subject, fae had com e to the conclusion that the 

• Rerrtated by permisslna of The Eraii, Mplboame. Tqi. fl, ifloO-T, |,i.. TMUi. 
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hypothesis was reasonable enough^ 0% personally^ he eould not re¬ 
member ever having witnes^d a young cuckoo being tended by nny 
bnl soft-billed insectivorous birds. He adds* verj^ quaintly, that the 
depubiting of its eggs by the cuckoo in another bJrd-s nest is such n 
monstrous outrage on matemnl affection that* had it been related of a 
bird in the Brazils or Peru, it would not have merited belief. On 
Octoljer 8, 17T0, the observant old naturalist again writes, this time 
from Eingmer, in Susses, to the effect that he has just seen a young 
cuckoo in a lark s nest, and tlmt it was very pugnttcioii$, pursuing his 
finger and buffeting mid sparring with iU winiiis like a ganie cock* 

1 have often noticed this bad-tempered disposition myself amongst our 
Victorian speciest and it seema to l>e quite in siecoixbuice with the 
gencial nature of tlie birds as a class. 

t'oming to more recent time, we fiod Charles Parwin* in liia chapter 
on instinct in the ^‘Origin of Species,"^ throwing the searchlight of 
his genius into the dark corners of the cuckoo problem. Variation 
and natural lielectson, the great naturalist considers, have undoubtedly 
l>c?en the nmiu factors in building up the parasitical iiiMiincL w hidi wo 
s^ee working in nil its horrible perfection to-day. Let it be supposed, 
for instance, that no early progenitor of our lovely liltle t^hintug 
bronze cuckoo {Ckahococc^^ phf/ojuijfi) occasionaliy departed from 
the natural order of things* and dept^ited one of her tiny eggs in the 
nest of some other species of bird, either accidentally or by reason 
of being compelled to lay before her own nest was compkteti, just as 
to-day we frequently find the pule blue eggs of srarlings and mynahs 
scattered about the open fields or on our subiii ban lawns* If we con¬ 
ceive further that the egg thus consigned to fate in an alien nest 
has duly brought forth a baby cuckoo. wtiicK^ 1^1 ng reared by llie 
foster-pari'iits has unconsciously acquired, during the nestling period, 
a predilection for the company of ita foster-parents and their kindt is 
it not probable that this particular ruekoo would, if a female, somiv 
times deposit an egg in the nest of a bird Ijclopging to the species 
amongst whom her infancy was passed? The cuckoo would nat- 
iinilly transmit this predikction to her own offspring, and tln^y in 
turn would rear young, or leave them to he reared by foster-parents, 
endowed Tvith the same inclination toward parasitism. .\s time 
went on, and successive generations of cuckoos from the same parent 
idock had been bom and died, the parasitical instinct would gradually 
becon^e more pronounced in the family, and, Ix^ing an aid to iLs pres¬ 
ervation and pi-rpetuation, would finally Ix’conie a iiumutable 

instinct. 

As a proof of this theory I may cite the peculiar habits of certain 
species of the American Tdoridse or cowbirds which, 

according to ilr. W* tL Hudson^ author of “The Ifiituralist in La 
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Plata ” {"with whom I am in correspondence), are only partially para- 
eiticai, being apparently still at the halfway house ^tween lirtue 
and rice. The cow birds live togetJier proinisciioiiflly, in flocks com¬ 
posed of many individuals of both siLves, and either build a nest for 
themselves' or forcibly seiEe ui»n a suitable oue belonging to some 
nnfortunate member of another family of binds. In the event, of 
there being either eggs or young in the appropriated nest the feathered 
robbers proceed to cast theiii out—a first trace of the ejecting in¬ 
stinct—before laying their own eggs therein. Strangely enougli, 
cowbirds will sometimes construct a loose, untidy nest for them¬ 
selves on top of a stolen one, vriihout making use of the latter for 
purposes of nidification. One species of Molothrim baa the parasit¬ 
ical habit much more strongly developed than other members of the 
genus, os it almost invariably lays its eggs in the nests of other birds; 
but sometimes several individtiala will club togetlier and attempt the 
construction of a large, shapelesa nest, which, however, ts never com¬ 
pleted or made use of. These strange birds frequentlj' lay aa many 
as twenty eggs in a single nest, and they also possess the remarkable 
httbit of piercing holes with their bills either in their obti eggs nr in 
those of other birds, .\notlier curious fact H'lating to cow birds is 
that one species (,V. rnfaafillaTis) is actually parasitic u]xin another 
member of the same genus (.If, ftodii/Jt), which builds its own nest. 

Additional proof of the gradual development of parasitism among 
I lie CuculidH' is found in the fact that on .American ciickno {Cocc^zm 
ftjnefiamin}), which, as a general rule, builds a nest and rears its own 
offspring, has yet been known to depart from its normal habit in this 
respect and leave its pale green egg in un alien nest. The hawk 
cuckoos (IIxerococcya) of southern India, which exoctlv rosemhle 
both in color and tlight the sparrow hawks of that reginii, furnish 
tlill another instance. Of the six known spedea of flierococcyr one 
only is said to build a nest, the remaining five being parasitic on tlie 
babbling thrushes. In tlie great spotted cuckoo (Coci^styf t^hn- 
dttn^ls)^ ranging through southwestern Europe, Asia Minor, and 
Africa, we can see the instinct to sitirk parental cares yet mora 
highly developed. These birds are truly parasitical, innsnuch os tlicy 
foist their eggs on certain species of crows and magpies whose eg^ 
iK'ar a marked resemblance in color to their own. In this case, how¬ 
ever. several cimkoo’it eggs are found in the same nest, and when 
these are hatched out it is stated that the intruders live in perfect 
harmony with such of their foster-brethren ns have survived, and 
make no attempt to eject them, Occasionally the female spotted 
cllcboo, before laying in die chosen nest, breaks the eggs of the right¬ 
ful owner in order to moke more room for her own. Thus we find 
Uie parsiticol habit and instinct to eject fellow-nesUmgs being mani- 
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festfid in t^nrious etiig«?3 of development by certaLo exiijiing nepre- 
soiituth es of the Cuculida^ 

Concerning the origin of the^ic in^tinct^ and habits, the theory 
that I 111 turn] geleetion, acting dui iiig a long period of time upon n 
chance btmoficial variation in habits displayed by an early progenitor 
of the race, b respoiiBible for the habits receives much support from 
u further fact* Ccirtjiin birda have known to lay eggs in the 
nests of otbet^ belonging to widely diHerent genera., moor heiia eggs 
have lieen found in a coot's nest, and an egg uf the former species 
tjiken in the half-finished home of a blackbird. Sturling^^ eject 
woodpeckers from their ne€Fting-lioles in trees, and egg?i of gulk 
and eider diicbs htive ijeen noticed in eiidi other's nests* Uomune^ 
in his *-Animal InieUigence^ says that w*e ara justified in setting 
down the cuckoo instinct to the creating iniliience of natural selec¬ 
tion, and u considenition of the facts just mentioned will s?hoiv how 
cniitly the pLirasitic instinct niuv Inive originated. The jiracticu is 
by no means confined to birds* and an jntin-^sfting comparison may 
be made between birtb and insecls by referring to tlMi tiuhits of a 
certain kind of bee, whidi a I way wuiaign^^ iU eggs to tlic enre of 
aiiotlier species* These parasitical itokicts are structurally motlified 
in obedience to Qie law of coordination of structure with function 
and habit, for they devoid of the pollen-gatiiering a|>paratiiS| 
w’hich ivould have been absolutely cj^ntiul had they tx'cn obliged to 
rair their own offspring, 

Tliere are two other phases of the cuckoo problem that T should 
like to touch upon briefly, m: 

(1) Tlie resemblance that oertain cuckooa^ bear to those of 
the chosen foster parent. 

(S) Tile nature of the impulse acting on a newdy-tKirn cuckoo and 
causing it to eject its fdlow-neatlings froni tlieir homo^ 

Aa regarck the first much debated pointy it is interesting to note 
that the great spotted cuckoo {C\ of South Africa lays 

eggs closely resembling thcKjO of certain crows and magpias which 
constitute its victims* Other members of the Cuculidie, especially 
some of the Australian speciiSH do the same thing. The salmon- 
tinted egg of the i^llid cuckoo fMiIIidHit) is freqtiently foiinil 
among a dutch of flesh-colored honey ralerbs^ tlie narrow-billcil 
bronKO cuckoo {C. bamti^) hvors the blue wren (if. cymeint)^ with 
her tiny pink-spotte<l egg; and mo^t wonderful of all Is the fan- 
tailed cuckoo {tL ^{ihetiifffrmis). I have found a great number of 
the egg^f of the laat-nnmed species in nesits of the white-browod scrub 
wren (Sericornh frmt&lh)^ and in several instances the i^enibljince 
between tlie of foster parents and cuckoo has been mo^t pro- 
[louneed. 


^ilfiB»lU||i tfOft— 


Pk^T£ 2. 



YO^NG N4Hft0w^lU,e& BnOM^E CUCKOq i;Chalcdcdccvx basausi 
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It U thought hy some naturalists lo be highly prolMible that the 
fotjd eaten by birds during the nesting pM^ricHcl ha^ much to do with 
the future colomtion of their eggs, and, if wuch be the cascj it gpe^ far 
to explain the similarity between the eggs of niany species of cuckoos 
and those of their foster parenis, for it follows that the latter would 
n?ar the alien rhicks upon the siitiic food on wbich they would have 
fed their own olTspring. Tlie etoinach of a female bronze cuckoo 
{CL sdiot at Qlinda Creek last Septemlier was founds on 

dii^ection, to contain the remains of a number of the large green 
caterpillars of the cup moth (Pelara) and the emperor giin moth 
{Antherea etwalj/pti)* In the oriduct was a soft-shelled egg^ on 
which the beautiful bronste-green tint charuetcrisGing the eggs of this 
spetdeft was juirt Iri^uoing visible. I have watchetl closely several 
young bronze cuckoos being fed by blue wrens and various species 
of Acanthk^Fy and in many instances liava noticed that the devoted 
little nurses were attempting to satisfy the voracious appetites of 
their charges with lepidoptcrous larva' of a greenish hue* 

With reference to a recently made ^suggestion that the action of tho 
infant cuckoo in ejecting its nest fellows is purely automatic," 
rhythmic^ and governed by e?tterJial stimuli or reflex action^ I still 
cling to the Indief that the process k rcfcralile to hereditary instinct 
or subconscious memory, aided by da waning reason. I am strength¬ 
ened fuiiher in my conclusions by comparing notes with other or¬ 
nithologists in various parts of the worlti Mr. Edward Step, 
IL S., in liis cs$?ay on “^^Tbe Cuckoo,-' distinctly stated tliat 
“shoitls' after Idrth the young cuckoo show^ that it has inherited 
the knowledge that its foster parents will have all they can manage 
to iyitisfy it^ uwu waiits^ and that the presence of nest fellows 
means overcrowding and inevitable death for the majority, diould 
they be allowed to remain^’ ily frieiul, Mr. IV. Percivar ’VVe^tcU, 
ii, B. O. a well-known British ornitlioiogi^t who has devoted 
years of study to elucidating the habits and life history of tho 
Eimipcan cuckoci {C. eanorits}^ writes that his observations lead him 
to credit the blind nestling Tvith hereditary reasoning powers, and 
that he agrees almost entirely with my theories on the subject as set 
forth in a jirerioiis paper published in The Emu. Vol. o, Part 1, 
July, Ifi05. Mr. Westell has been kind enoiigJi to forward tne copi&^ 
of his series of remarkable cuckoo ]diott)graphs, which were es- 
1 lib]ted recently 1>ofore the Koval Society of (ireat Britain. 

T was fortunate enough to witness a nuniature combat between 
a narrow*-In lied bronze cuckoo nestling and a baby blue wren, which 
ttiok place in n nest of the last-nameft species at Olinda Creek in 
Novoniber- 1904. A snapshot of the sfriigglc by Mr. C. P, Kinane 


«Tliy Emu. Vol, p. 14^ 
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bsa ftlreadj o-ppeared in The Emu." The actions of the blind* 
featherlcss, infant cuckoo on this occasion certainly showed no sign 
of being due to reflex action, but on the contrary appeared to me 
a marvelous and almost uncanny exhibition of instinct and suhcon- 
scioua reasoning. If it be objected that the term insdnct is roeani^' 
I can only reply that there are many things in nature to whi^ 
we attach convenient labels, although they still remain beyond our 
understanding. 


• VoU a, Part 1. Jutr. im 





SOME REMARKS ON THE PROTECTIVE RESEMBLANCE 

OF soirrn African birds,* 

[WItb 2 DtatM-T 


By A1.WIX irAAiSKn,. F. Z. S., M, B. O- TJ, 


In this article it is my intentioti to give a short general sketch of 
this subject, dealing chiefly with those families vrith which I have 
had some field esperience, supplemented by a few of the moec striking 
instances in detail. 

It is greatly to be regretted that hitherto local ornithologists have 
paid 80 little attention to thin inlcresting hrandi of research, and it 
is sincerely lioped that the contents of this paper may slimulato their 
activity toward further obsen'ations. 

Order Passerks. 

Faintly Fuqceid^e, 

At first sight one wotild be inclined to think that there was very 
little protective resemblance in this family, containing, as it does, 
some of the most gorgeously plumaged of South African birds ^ but 
this is, perhaps, the most interesting part of it> It is a very note¬ 
worthy fact that with the majority of the smaller and defenseless 
Species the female is almost always a most inconspicuous object, with 
a soinber-colo’red feathering, and generally manages to pass unob¬ 
served among its suiroiindings. On the other hand, the males are 
often very gaudily attired, which is true of a large number of the 
Floccuhe. This is the case w-ith the bishop birds (Pyromefann), the 
males of which may be numbered among South Africa’s most beautiful 
birds, while the females are little broivn-colored objects, whose colora¬ 
tion, blending, as it does, with the grass and reeds of their favorite 
haunts, renders them almost In^Hsible to the casual eye. The same 
remarks apply to the widow birds (Viduioss). Can anyone imagine 
anything more conspicuous than the long-tailed widow bird {0olio- 
passer proone), or even the smaller red-coUaied species (C- ordena) 1 

* Bepriated by (leratlsaloo fri^i The Joanutl of tlie Soutb Airleau Oroltholo- 
£lBtE' Ualca, Bivtorlu, TiuuBvual, voL, 4 , Xo, 1. April. 10(I& 
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Yet Uicir spouEcs are tlie very opposite, reseiitbjing the femaJes of the 
Pyt'mietana in their somber dress* which is of very umteriul assist* 
once to them among the Jong grass of the veld, and evpeciaJiy so in the 
nesting season. During the winter niontlm, when (he ooek birds have 
doifed their sliowy uttire, iliey have the some iidt'nntuge as the females 
of an inconspicuous plumage. Tliis is also tlie emso with regnrt] to 
tlie pin-tailed widow idwa. principalis) and the remainder of the 
sp^ies of Yidtttii also the red-biJled weaver {Qustca qvelcs). 

One of the reasons for the gaudy ottirc of the males, or ratlier lack 
of protective coloring, may be the more or less fiolygauioua Jialnte 
these birds are accredited with, .(in interesting case is that of tJjo 
little acaly-fefllhercd weaver {Sparopipes stjumiifrtms) . wliitb Ls a 
deni:iE«n of bushy country, where its light-bruivn plumage lends itself 
admirably toward the ooucenlment of the bird j even during the winter 
months, when the camel thorns and mimosas (.Icorirt ^jiraffes and 
.1. horrida) are devoid of leaves, their inconspicuous dress is of enor¬ 
mous value in aiding them to find a hiding place. The second suh- 
fflinily, the Sstrildina?, is a large one^ coiitainiug those well-known 
little birds called rooiliekkics (from the color of their bills) and tiiik- 
tlnkies (from their call). Two of tlie commoner species of KsUvlda, 
the red-breasted and black-faccd waxbilU (£’. astrilda and erythr^ 
notd). may be said to poffiesa protective resemljlance in a fairly well- 
developetl degree. Although they have conspicuous colmw relieving 
the brown tint of their plumage, they arc nevertheless very inconspicu- 
tiiis when feeding on the ground among the short grass on the partly 
bare patches of old lands and alongside roads (their favorite haunts), 
IIS the brighter portions of their plumage are then hidden. Their 
upper surface, which is of a very iissimihitive color, blends with the 
bird s surroundings to such an extent that to walk among a flock of 
them, and siuldenly flush them from almost under one's feet, is a 
common occurrence. 

To a certain cvlcnt these remarks also apply to the oningc-breasted 
species {E. elarjcei)^ affecting the banks of apntils, etc,, and grassy 
slopts of damp localities^ they are most ineonsplcnous little birds, 
notwithstanding the bright colors which relieve the olive brown of 
their upper parts. Perhaps the best-endowed member of the sub¬ 
family, so far as assimilative coloration is coiieemed. is the little bar- 
bremsted weaver finch {Oriyyotpha polyzond)^ which has only a 
white chin and a black throat to relieve the buff aiid brown tinta of 
its feathering. 

t^oiily Fa[aatu:Ta.K, 

Before I pass on to the next family I would like to briefly refer 
to the cape and rock buntings. Tlie former {Friwjithria cap^usU), 
a tame and pleasing little bird, was fairly common Hround Aliwul 
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Nf>rth 3 C. C., in 1891, Its brown coloration struck me Ijeing of 
immense protective valne, as tUe bird is not easily discernible wUeii 
sitting agnitiAt o rock or wlieii creeping among the crannica betwcim 
the stones. I iilso noticed this fact with respect to tlie rock bunting 
{Frin^iUaria tohapisi). Once, nt Irene, on the IBth of Aprils 1 shot 
one and it fell iiiiiong some loose stone^s; it Umk mo fully ii miiintc 
to find the bird, such, was its protective cokiringr ultbongh the liotly 
was nut actually hidden. 

Ftmlljf Af^LTDlDJE, 

1 have unfortunately given but little attention to this interesting 
group of birds, so can nut du better tlian quote the remarks of Mv. (iruy 
A, K. Msi*shall, F. Z, S., of Salisbury', Masbonaland, with referenco 
to 11 member of the lark family. In an article in tfie ZoolDgii^ (vfd* 
1900, p. 54S)j eDiitled Conscious Protective Resemblance/' he says: 

Thei-e ore few birds in this country which show a stronger apparent 
reliance on. their protective coloring than the little rufous-cap[>^ hirk 
(TepArocoryA cinerea) or the cape long-claw {Afacroni/j} capt^mh). 
They will readily permit one to approach wdthin a few yjxnU of 
them, IInd they will merely mn on uhentl in their curious eroucliing 
rat-like manner. This action i^^ certainly of considerable protective 
value ill their ordinaty t^urroundiiigs.’" T concur fully with ihi^m 
remarks, ns this bird is very rominon at Mocklerfontein, and 1 have 
often noticed thiii its plumage is decidedly Q!^>^imilative in its Cfiloring. 
To this bird I can add, from personal twperience, the following 
species: Bufous-niiped lark {Mirafm ^ gray-colkrtHl lark 

{Alarm<>7^»eviti<}rquatti)j and the riif<ius lung-billed lark {Vertkilauda 
rufiila)^ as Mr. Ainrshair^i observatiuns iu a measure also apply to 
thes® birds. 

Flnmlly Motacillui.^ 

P<;rliapa one of the moat conspicuous cnaes of protective rcacmbinnco 
iu this family is that of the cape longt-dn^, already referred to. 
This liinl has a bright orange-red throat, Imt when it is in the 
civucliing altitude so aptly described by Mr. Marshall this briginly 
tinted port ion is invifiible. 

The remarks on the AlatiSdtv may serve for most of thts pipits, 
if not all, so I need not go into a reitemtion. 1 will only draw atten¬ 
tion to the commonest local member of this family, the tawny pipit 
{Antha ru/«fair). This bird’s coloration is strongly a<similatire 
with regard to the surrotmding sea of grass of its natuml home. Its 
movements also closely resemble thoise of T. ciwKa, already referred 
to. so that when it is crouching down, even among the more stubbly 
portions of the veld, it hetsomes all hut invisible. This applies to 
A. ptfrrhoneiuii and several other species as well. 
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Fnailljr NectaxitiIids, 

TJie Eunbirds, or zuiker-bekkics {lit, sugar-bills) as they are called 
bj the Boors, may be raiikod among Hie most brlUiandy plum aged 
mvntl>erit of the loral avifauna, yet their guy i^olorg are often of a 
(leojclorlly protective nature. Tbcy spend stueb a large portion iif 
their e.\itFtenco feeding on various i]ower!> liiut tlieir cotoriilion lends 
itself to os^imilatiutu M, £. Barber, a most observant notur- 

ulist, drew attention to this fact as far back as IST@, when she pub¬ 
lished a paper in jjart 2, volume 1, of the Transact ions of the South 
African Philosfjphical Society, entitled Peculiar Colors of Aniiiiiils 
ill delation to liabits of Life.” She noted bow tbe colons of certain 
Soiitli African sunbirds accorded with those of tbe flowers of tlie 
aloes and Erythritia trees on whicli they feed. She says; “ Tbe most 
unguarded moments of the lives of Uicse birds are lho«c that are spent 
among the fJuwer^i; it ia then they aie less wiiry tbaii at any other 
lime, • • * Even the keen eye of the hawk will fail to detect 
them, so closely do they resemhlc the Qowers they frequeut.’' .She 
[)»rticularJy draws attention to Cmmjrh tifer in connection with tlie 
latter paragraph. With regard to the scarlet-chested snnbiixl 
{Cmttyrk ffuttvrails) f aecoiding to the late Doctor Stark tliesn 
birds feed largely on the scarlet blosstimij of the kafiir-boutn 
thnna cajfj'a), iiciice it uaturuMy follows tliat their scarlet fnpather- 
ing is conducive toward protective resemblance. The malachite sun- 
bird {iVectarijtia fnmata) is of a bright green color, with yellow 
iwcloral tufts. Yet, when sitting among the almost equally bright 
foliage of tbe mimosa, with its fluffy yellow blossoms (a favorite 
haunt of ibeirs), it is not easy to locate, always provided, of course, 
that the bird does not move. This species, moreover, loses its bright 
plumage about tbe same time as the mimosas; slietl Ibeir leaves, both 
assuming a general brown tint, the bird thus still retaining its assimi¬ 
lative coloration. The females arc of a brown color at all seasons, 
which naturally renders them, winter and summer, inconspicuous 
among the branches of trees, 

1 can also speak from e.^perience regarding the black aunbird {€, 
amethjfstiiiuit), having had tbe goorl fortune to watch many, both in 
the gardens of Johannesburg, and among its natural scrub" on lifod- 
derfontein. I can do no Ijetter than quote Doctor Stark’s words: 
“ * • • so closely does tbe nearly black plumage of C, STnethi/sf.- 

hms assimilate in color with the dark naked brunches of tlie tree, 
that as long as the bird is still it is not easily distinguished on its 
perch.” This I can fully substantiate. One instance, that of a young 
male in the “brown,” is perhaps worth quoting. In my journal, 
under date September 3, iSfHl, I find: “ Wtiile strolling through an 
orrbard I heard the plaintive ‘ pwp ’ of a aunbird, so T halted and 
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crept under the tree from whence the sound emanated. I eearclied 
the branches carefully, and finally traced the call to & certain twig. 
I then climbed the tree cautiously, but look as I wonld 1 could 
not locate the bird among the twigs and aUhougli as soon 

as 1 remained quiet it continued uttering its cry, 1 was beginning 
to low patience when the bird niovetl, changing its position^ and 
only then I saw it, wondering at tlie f'aine time why I hud not finne 
m sooner.” Mrs. Barber also relates the following of this spcci^^: 
'*The black sutihird js never absent from that magnificent forest tree 
the * knffir-bcKmi ^ (Erjfthrina caffm) i oil day long the cheerful notes 
of tlieae birds may be heard among its spreading branches^ yet the 
general aspect of the tree, which consists of ii large moss of scarlet 
and pnrpILsh-black blossoms without n single green leaf^ blends and 
harnionke^ with the colors of the black suubird to such an e.vtent that 
half a do^en of them may be feeding among its blossoms wilhout lie- 
ing ronspicuuus or even visible*'- 

Fauillj? 7x«Ti:Boni>.«- 

I will only make a passing reference to this family^ as all the mem- 
b£*rs are doubtless of protective coloration* T have often noticed how 
the green plumage of Z(^U*r0ps vtren^ and Z- assimilate to 

the foliage of the trees winch they fre(|ucjit. 

FamUy LiANiiD.^ 

One would hardly think that the members qf this pugnacious 
family required protective resemblance, but I noticed a case with 
regard to the onlinary Bskal shrike, which leads one to an interesting 
phase of the subject* The male is a fairly oiinspicuous bird in its 
dress of black and w^hite, the female, ivith her duller fcathoriiig, not 
nearly so muchj and the ftilly fledged young still less* so; as a matter 
of fact, the last named possess a plumage of a mo^^t protective uatun?| 
as the follow’ing will show: On December while collecting on 

the Jokeskei RiverDistrict of Pretoria, I first noticed this fact* 1 
found three fully fledgcil young shrikes hopping ulx>iit a tree. As I 
ne**ired them they suddenly stiffened themselves and sat motionless, 
BTicn r kept still they isooii recommenced their ejtcursions among the 
branches, but 1 hcid only to shout or shake a branch of the tree when 
they would fiuddenly assume the stiffened posture alluded to. 'ITiey 
seem^ (nnconscioudy, 1 presume) to rely on the perfect harmony 
existing between the tints of their ashy-brown plumage and that 
of the tree bark and twigs of their arboreal abode. They could not 
fly more than a couple of yards, so that the a^imilative nature of 
their feathering must have been of imnR^nsc assistance to theiin Tills 
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insliincc was so striking that I couid not help noticing it, and since 
then, having tMjcn on the alert fur similar cases, I have verified niv 
ex;>erience. 

nie warblers ncwl only a passing reference, as, owing to their dull 
coloration and small size, they can all be said to more or less possess 
protective resemblance, and it would tlicrefore be idle to attempt to 
give a list of those species endowed w'ith it, I am well acquainted 
with the habits of many of the s^ies, and ha ve often noticed bow 
Inconspicuona they arc when sitting among the grass or biiahcs of 
their usual haunts. They are, moreover, for the most part of retiring 
habits, * 

Order Pic.4bj,v„ 

Faroliy ('AramuLniDA',, 

Tlie members of this family are on the whole very well endowed 
with assimilative coloration. 1 have noticed this W in regard to 
the Europe n nightjar (Ca^mtiiffta europwuit). Crouching on the 
ground it is a most inconspicuous object, oven on brightly moonlight 
nights. I first Iwcnnic ac(|iiBinted with the case of the ni^us-cheeketl 
nightjar [C, rFfj^i^ena) on Septemlwr 27, ISftS. During o collecting 
fsriireion to a farm about 5 miles southwest of Kaalfontcin station 
I hap^iied to be resting under a tree. Staring aimlessly up into 
the foliage overhead, my gaze was arrested by aii irregti'lnr bump 
or protnlwronee on a bough iibout 12 fret above mv head. I coulfi 
not malic out what it was, so, thinking it might lie a nret of some sort 
I ascended the tree and was ronsiderebly astonished to find a uightjnr 
fiy up from ulmtist under my nose. The bird hud Wn sitting 
lengthways on the bough, flaltened up against it, and tJie assimilative 
nature of its plmnago was most marked, the mottled grav-brown ami 
rufous fathering hannoriizing beautifully with the hark of the tree 
on which tin* nightjar sat, I followed the bird with my eyes as it dew- 
up, and descending to the ground I proceeded to the tree it had taken 
refiige in, but was forced to study every branch liefore I located it 
again. Being mostly nocturnal in habibi, a prolectivelv colored 
plumage woultl naturally he of very material aaistance to them when 
m hiding during daylight in some recess or on a Iwugli. Since Uih 
^sion I have repeatedly verified tlik experience, as this bird ia 
fairly common in the Modderfontein district. In tlie neiglilHirhond 
of Drahamstown I also noticed this fact with referenee t» 
f^ectoraiia, which seems to be the comrnoneirt species of the hush 
region. My friend, Afr. Robert I 17 , has aLso repeatedly noted the 
remarkable assimilative <-oloratioti of this binl, and pliotogruJibed u 
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femalo on its eggs on the ground, n reproduction of wKich is giTen 
Lerewith- 'Hif: bird is neiirly in tlie center of ftc pirture (pi. 2). 
I also show n pliutogmpli of s young nightjar on the ground among 
liie forest debris; the resemblance even here is oxtraonlinarr {pi. 1, 
!)• 

F^Ltii illH Pjc(Pi« a till 

Among the woodiieehcrs and bnrtjetif—birds all more or less of u 
coloration which, nlihough often etinspicuous enough in the open, 
lends itself decidedly to the reversic nmoiig the twigs and branches 
of its home — I hove found the cardinal vvotKlpccker {Iffinflropicas 
cardinali*) when clinging to o tree trtjuk to be ulmost invisible, Tliis 
is still mtjKi marke<1 in rcgnrd to the South African wryneeb [lynn) 
ru/fcoJ3!i4), whose mottled brown and gray pliinmgi* so cltwely u<^itm- 
lates to the colors of tlie tree trunks on which the birds feetl. This is 
also true of the pteil i)nrlx?t {Trk'hohptna , but to u leas 

extent, as this bird has more w'lute in its pluninge. 

Filially Mt'iDorHAmn^;. 

These birds, oU more or less of n green tint and deniziens of thick 
forests, are tioiind to la? protectively colortni. ll'riting of the knysrm 
lourie {Tumet/a tt&tyt/ifiix), Mrs. Harlier, that excellent lady natural¬ 
ist, says: The favorite food of that siijierhly arrayed bird, tbe lory, 
are the Iwrries of the wdld vine. Like the plumage of tin; lory, ilm 
foliage of this climljor varies considerably in its shodes of green, and 
tlipJwrrics alter in color as they ripen, from light red to crimson, und 
nlthimtcly to almost a black color, while the twining stems of iho 
plant an' of a pale gray or white. Tliese colors beitig the same as the 
lory, blend and harmonize witli them admirnldy, pemiering the bird 
protection from her foes. This climber, w*itb its long twining 
brunches, covets large patches of the forest; It is seldom without fruit, 
and forma the favorite haunt of the lory; it is there they may bo 
found if you seek diligently, but they are by no means conspicuous, 
hidden among its sbeUering leaves.” This I enn fully siibstuiitiato 
by my own exiierien.ee of these birds duriug the month of January 
1907, 

Order SrnicES. 

Fa m l lies 147*1 and Btunaiu.v. 

The reason.s for an owl requiring protective coloration are obvious 
to anyone conversant with the babiLs of the members of this order, 
and need not be detailed here. Probably every species of the Strigea 
is more or less endowed with this provision of nature, at Icaid everv- 
tbiftg i^rus to [mint that way. The birds are lighter or darker in 
coloration os their place of a^e may require, even to the extent, as 
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«'€ weU know, that those species iahabitin^ the regions of snow and 
ICC are white or very nearly go. Of South African owls, all those 
with whicii I ran claim personal acquaintauce are certainly protec- 
tivoly ^Johjcl : *Stn^ mpemiftj Stri:^ fammea^ Scop^ captnm^ A*h 
«if;wn«4r, nnd ffuf/o tna/^ulosiiti. With refenince to the lust named, 
wbidi 19 a fairly common bird in the district in which I reside, I have 
hud some correspondent with Mr. W. U Distant, the editor of the 
Zoologist niagasnne. He is of the opinion that this species does not 
pre^s protective resemblance in the same reiiBc as this term is sen- 
cmlly understood, and ascribes to the bird what he calls -‘active 
iiiiinicry; as he saya the bird coiiticioiisiy conceals itself. Perhaps 
It does thi^Uie instinct implanted in every dumb creature would lead 
It to do this; but with all due respect to Mr, Distant’s superior knowl* 
edge m matters zoologicai, I must contend that if its coloration was 
not of the prr>t«tive order of what use would the conscious conceal'- 
ment of the (nrd he unle^ ,t crept into a hole or olherwise completely 
hid Itself i Therefore why sliould the mere fact of ita consciuiw eon- 
realmeiit lie against the theorj- of “ protective resemblance? ’’ I will 
just relate two instances in brief detail to illurtratc niv mciiaing and 
prove my theory. On July 30, 1898, while out shooting I put up 
from almost under my feet an eagle owl. It settled n short distant 
ahead; so I ftdiowed it. 1\T,cn I beached the spot I commenced 
wtirching for the birxl and after some minutes succeeded in ilushinff 
It apiin, but very nearly treading on it in so doing. This invisibility 
of the owl somewhat puKjsled me, so I determined T ivould see it on 
tlie ground la-fore firing at it. I followed this bird from place to 
place for orer half an hour liefore I could see it dearly enough to bo 
sure of its identity, and then even it was more its “ears” tuomen 
tardy erected, that betrayeil it, as.althot,gh it was only siaingamon^ 
the gra^tnte, 1 could not make out anylhiiig like the outline of ,m 
owl, so beautifully did the tints of its mottled grey and brown plum¬ 
age hormonisM. with the surrounding gras and stones. It was a dear 
case of protective r^mhlmire,- as bail tlie bird been of aiiv other 
color—red, green, or black, for mstanc^I must siirelv have’seen it 
repeatedly frem a much greater distance than T was from it ntm it 
was fliisiicd. f have noticed this fact repeatedly since, but will oqIv 
relate one other mstanee m further defense of mv ai?sumptioti f>h 
the 18th of October, 1903,1 found a nest (if such the depre^ion in the 

Slow” ^ ^ species on a ledge or platform in a rocky 

hol^w. This l« ge was covered with ground on which several of tha 

quite suddenly, and was certainly not more than 10 feet distant 
It flew up, I returned to tlie spot later with mv camera Imt L trv 

IcVZf ’* P^FHy focu^ nn the bird had pirforec to drive it Tp 
to hnd Its ezact locality. I was above the owls position at thVtim? 
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find Tvould have seen it easily enough but for its assimilative colora- 
tion. \tlieii the bird sctUcd again I immediately lost sight of it^ 
nnci although it was onlj' partiailv soraciied by the herbage I had to 
use my glasses to be sure of iL* identity. T took particular notice of 
this ease, reinembcrijig Mr, Distant’s friendly criticism. That owls 
are subject to dimorphism is a well-known fact. Professor ^few- 
ton mentions it in his admirable Dictionary of Birds. This diraor- 
pliism, not necessarily sexual, obtains in Bubo Tfiacutmtis without a 
doubt. I have noticed a very fair degree of difTcrence in the tints 
of the various birds that have come under my oliaervation, and there 
are, or were, Severn! specimens of this owd in the Pretoria Zftological 
Gardens, which amply illustrate this fact. This, then, is a further 
proof of my contention that this species dttes possess proteiMive 
resemblance. 

Order Com’mdj:. 

Tlie doves and pigeons afford anoiber group uf birds scomiiiglv 
well endowed with assimilative coloring, 

IVith reference to the green wood pigi'on {Vinaffit deialnndi). Cap¬ 
tain Sbellqy bas noticed the advantage this bird derives from its pro¬ 
tectively tinted plumage. ^Vriting of this species in the eastern 
Cape Colony, M[>, Barber say?: “The colors of the green wood 
I»lgeoii of the Triinskeinn country so closely resemble those of the 
fruit and foliage of the wild fig {Fipvs sp.), their favorite fruit tree, 
that a flight of them may lie concsjaled among its branches without 
being Keen; on anyone approaching the tree, the birds lieing fully 
aware of the protection which their colors alforfj them, remain per¬ 
fectly motionless. A shot, however, fired into the tree will send tliem 
flying in all direeliona. The pliiuiugc of thin pigeon consists of 
lienutiful shades of green with red beak and legs; these colors blend 
udmirably with those of the wild hg. The tree is an evergreen, and 
fruit all the yeur round, this continually affording the green 
wood pigeon not only food, but also protection, because it is the home 
of these birds." 

I have repeatedly noticed how Ijeautifully the slate and drab tints 
of the majority of our doves lend themselvies to the concealment of the 
birds. Tills is so with regard to Turitir rapicoln and T. seneffaten^in, 
nnd the fact is more worthy of notice in winter, when the mimosas 
have shed their leaves: the birds are even then most inconspicuous 
objwta HS they sit motionless among the naked branches and twigs. 
Writing of Saploppllft. larva fa (cinnamon dove), W. R. Qgilvie- 
Grant (in the Royal Katural History) says it is common in thick 
bush along the coast of Natal, where its brown coloring renders it 
difficult to detect as It sits motionless among the dense creepers. Tbi« 
is also applicable to the so-called bush dovu or cock pigeon (Co- 
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phcMMta). Its colomtioB k particnlarlT helpful toward the 
effective coiieeulment nf the bfrd when atnong the rocks, ett, of its 
uestmg huunts. 

Order l*TziitK;i.tT£fi* 

This is another group where even,* niemlier mav bo aasumed to 
pusse^i iidtures gift of protective resemblance, I have seen the 
namaqua sand grouse n^maqua) among the scrub and 

r * * -^H'nted gra^w of the Transvaal 

winter ^Id, nrnl m l„tl, cauea the assimilative coloration of the 
Ijird was udmirablc. 

It secnia to mo as if the majority of the game birds of South 
Africa are posseted of thk tyjie of odo^tion, nnd I need, thereto™, 
not fe^nito detail wit , ™gaH to the francolins, which are a]! more 
or i(^ of the veld tint, and conse<iueuth* the reverse of 
conapicuous- 


Onlers OriumA; and Galuik 




1 hai.-e jiiiil referred to the general veld tint posseaseJ by most of 
the members of thrae imlcr^. I have hunteii the various Inustards 
11 the O. E. C. and Transvaal and, even guided hv their harsh crook 
it IS oft™ no easy matter to locate them without a dog Their 
coloration is ™ry similar to the sumnmding gniss of (lie veld, and 
unless he males prolrmlu their dark-colored heads above the grass 
yoii will find your horn- alimau nn them tietore they take wim.. The 
iinile of f?/w afra is much more mtispicuous than the female, with 
Its dark head anil white wing patches, so that the protective roloring 

njil of ih^ South African Ornitlido^srists^ UniorL Mr Guv 

.B! very difficiiU to ci-ra «l»n Uii- wrv ,Mt liSv n"i 

Qti has biHfu niarkvcl/' The t'upe quail ^ e alighted 

of this veld color, I have Ten I^n S wf 

whirring up from under niv feet so doselv I t ^ f^iddenly 

do„ UtStLototioo nt lo 

Onier Ltiiioouii* 

b. -.ttv. -....o tjv, &r.‘‘rb 
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setnbknce exii^ing belvi'e^n the cobrittioii of th^ tiiickkne^^s pliima^ 
Ejui thiit of the stunes, unci tree trunks of its most cherished 

huitnts among the mimosa scrub. I have hunted this bird often in 
the <). H. C. and Tninsriiui and always nodced this fact; it b no 
easy mutter to sight it whiic it is on the ground. It does not readily 
rise, nor dues it fc^eeni to he a very strong flyer, rrM^ijirhig a run lietore 
it on Uic wing. It seldom^ if ever, goes higher Uiim the tops of 
the mimosas^ Hence the probable reason for the very protective 
nature of its plumage. 

Coming to the biirchell^s courser {Cnrs^rmi mfus) 

ie perhaps one of the best examples of protective coloration in thb 
fuinily. I have often observed this in the Mar oka district of the 
C. lietwccn Thuba N'ehu and Lady brandy where they are ver^* 
eonimon, hjCfUrig in flocks on the dried and burnt stretches of veld- 
^Mien in pairs or ^mall parties-they arc seldom flushed at once; 
they run with groat rapidity and then suddeuly drop down and 
crouch close to the earth, possibly relying on their ussimiLativo 
oolomtion, which is very gn^nt^ for further concealments These 
biids make delicious eatings and consequently were often hunted liy 
me* When one is wounded! and settles a little way off it requires 
no small amount of patience and perseverance to locate it, as it 
crouches close to the ground amimg ihe grass. The tovegoing ob- 
servarious hold got>d for ^7. which binl can be met with 

in the O. It. C. consorting with f7, mfm. It is* however, a intich 
scarcer species* The three-collared plover {CAaradriinf tri^oUnrk) 
is also protectively colored. They are well endowed with this, m 
Charles Dixon has also noticed (Curiosities of Bird Life) j bnt when 
it is most useful ia during the period of nesting, at which time the 
bird requires this gift of nature, hatching as it does in the open or 
among sparsely growing weeds pi. 2), This opplicss equally 
to the crowned lapwing {Stcphanili^jsr indeed^ we may 

safely assume^ to most if not all of the species of the family under 
disctiiissjorn One notable exception, of cfoursc, is the cape painted 
snipe (lik^fwh^a the female of which (contrary to the 

usual course) is n brightly plumaged bird. The reason of this 
strange case luis as yet nnt been ascertained* 

I will now close my remarks on protective resemblance with a very 
brief referenco to the nest and eggs of some South African birds. 

The eggs <if the majority of birds which lay in ihe open are pro 
tccti^dy colored-i, ^iz, thow of the sand grosrso, w^hich acvi deposited 
in a slight hollow in the bam sand; the plovers, etc., which are laid 
among the mud cloU and dried weeds of tlm wntera etlge or amimg 
the halLdried grass of the veld: the game birds (francolin, hazard, 
etc*)j which arc deposited among ilia grass. AH arc tinted with 
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sHisdes trhich certalnij hnnnontze with the Hurroimdings, a 

provUion of nnturo most yahiablfi for the continued existence of the 
birds fi$ spedee. 

Lastly, many twsts are also constructed in stich a manner that they 
fit in with their siirroundingn, as, for instance, many of the fly¬ 
catchers, which baild their nests in trees and corer the sides with 
lichen to conceal their real identity; or the warblers, which build in 
;(ra&> tufts, and construct their nests of various grasses deftly woven 
and placed to appear as inconspicuous ns possible. 


AX IXQUniY TXTO TJIE inSTORY OF THE CURRENT 
EXGUSII NAMES OF NORTH AMERICAN LAND BIRDS.* 


Hy TBOTTOt, 


Technlcfll nomcnclnttirp is tlie embodiment of that orderly 
ontl dolinite armiigeiiieot of knoiv ledge whit-h eon(>titiites a science. 
It serves to s.v]ubulize a conception of the relationships that exist 
betwwn living beings, one with another, and is iit once the esprcj- 
aion of a logical s^'stem of clai^ Rent ion; a Tvorking basis far the 
ideal scheme which the mind eonslrncts from observed facts. It is 
eminently a rational process. In direct contrast to this is the ver¬ 
nacular—the loose, quite indefinite, and often Impha^mrd way nf 
naming things, that lias its root in the soil of cximmon life. The 
stratimi out of which it springs is emotional I'nther than rutitmal. 
til ornithology these two contmEded forms of the embodied ideal— 
the technical or scientihe and the vernuciilar names—^Imve been of 
more «ntal value than in many otlier Itranches of natural history, 
frtjm the fact that birds have always presented themselves to men's 
minds in a peculiarly attractive way. Most of us think of the various 
kinds of birds, certainly of the more fumiliar one.s, in terms of the 
vernacular rather than in the garb of science. A song sparrow hi 
II song sparrow more often than a Jfehtpisa mciwlin &s well to 
the ornithologist as to the untcolmical wayfarer, 

A respectable antiquity attaches itself to the vernacular. Long 
Ixffore the ,scicntiBc mind had invaded the dehl of natural history 
the folk had given voice to its ideas about various animate and inani¬ 
mate things. A vast vocabulary of popular names was an early 
heritage of the common people. With this stock of names and 
notions about Old IVorld birds the colonists in Virginia and New 
England wore fairly well e«iuip|wi, and the more fanniiar birds of 
the new country a»n rcccivetl names indicative of some trait or 
likeness to certain of the Old World varieties. Mark Cateaby in 
Ills History of Carolina was the first one to give any .substantial 

* Reprliinil l»y penal nsEon from The Alik. Camhrtiliic. new iwrlfw. tqL 
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hccdunt of American hiidsj and his work contains an nrvny of 
namca^ some of them more or less famiUar in the speeeh of to-day. 
To William Bartram Tve owe a large number of oor comriion bin! 
names^ names that reached tba intelleiluaL woiid of eigiiteenlli! 
century Engl anil through the works of Edwurtb, Pennant^ and 
I^atham. Alexander Wilson was likewise a large debtor to Bartram 
for the names of Rumeroas species^ but he blamed his t}vm trail by 
applying names to species disct>vered by himself as well as in the 
recasting of many Bartramiati 

In the present inquiry 1 have aimngetl the matter of the hii^tory of 
our jVmericfln bird names under the following siix headi^t 

L Names of old English origin applied to American birds. 

IL Names derived from a liatin equivalent. 

III, Names stiggesled by voice. 

IV. Names suggested by some peculiar habit or bwhitat, 

W Names Buggestctl by color or other external feature. 

VI* Names suggested by geogrupbicai locality (place names) ht 
in hnnur of sonie person. 

n SA2irEH or ouj k>gi.ibji origin* 

Slany of the Catefibian names of birds undoubtedly originated in 
the veniacnlar of the colonists and some are dearly of obi English 
ancestry. In the miiin they ore of generic rather tlian of specific 
application, as is the case with niost of the folk terms for natural 
objects. The apecific distinction is often one of locality merely, 
for example, *4he cuckow of Carolinn/' Eelritjon=iliip is often 
bi-oadly recognisfiiwl by the people and embodied in a general name 
with appropriate qualifications to indicate minor differences or 
differences in diBiribnlion. Hie “species of the profanum 
however, more nearly corresponds to the ^meric conception of the 
naturalist, even in some coses to the idea imibodied in the term 
“ family.^ 

A number of these Old 1\ orld bird names, given to ^Vmcrieon birds, 
appear very early in tlic history of English 9|>eeeh. In a vix:abijlary 
compiled by ^Vrchbi^hop .T^lfric toward the close of the tenth cen^ 
Uity (95^i-102G A. B+) there is a in which a number 

of bird Dan:u!s nppoar, though Honiewhat diffenmt friim titeir modem 
form. In this list the robin redbreast h called “ruddue^^ or “ rud¬ 
dock;* which long continued to be its general English name and is 
proliabl} still alive iti local ditilectA* The word appears as a variant 
of the mcxlcrn “ ruddy,referring no doubt to the rus^t of tlic bird-s 
breast. The earliest recorded instance of the use of the fxjpulnf 
epithet* “robin,"^ which as a word of endeannent has bqtm tmna- 
fen^cd to many different birds throughout the English-speakmg 
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worliL cKUCury in tho Xomina A vlunh of nn EnglLsli vocabulary of the 
fiftcpoiU i?pu(iiry, wlicrc the iinaie api>€flrs as “robynet ryilbrinist,^ 
literally little robin redbreast.^ Oiir American robin Trafi known to 
tJie early soiitbern co1o[ii^1.s as the tieldfarCj'^ and is so termed by 
Catesby ('’The Field fore of Cjirolina^’^ vol. 1, 251). The bird has 
iiiiinj of the qualities of the fieldfare, and* like its British enugener^ 
cnrrte ham llso nnitli in oiUumn, Hi,?iittering over the dear^^tl lauds in 
loose flcK-kt, IVHJiain Bisrtrain (TravolSt speaks of it ns the 
** field fare or robin red breast T and Kalm mentions it under the latter 
name (English Trans,, II, 90), Our fatniliar name robin is thus 
a eontniction of the ^^mbin breastof old English speech. 

In tlic MVomimi of ^Elfric tlio cuckoo occurs as ^ geac,^ In 

some provindnl dialects it is still called a a survival of the 

little-Liltered Anglo-Saxon tiame. Cttckoo or “curkow ^ (the hitter 
an iinrlier furtii of the name and given a-s such by Catesby) is un- 
doubiedly derived through later Norman a|>eech (French 
Italian or eucato* old Engbsh The German name 

H-iiilruA- or the Danish kukker or aiiil the Swedish ffok 

lire clearly allied to the Auglo-Snson gea^ or g&wi% all being un¬ 
doubted variants espressivo of the bird s voice, ami the same is tnie 
of “cuckoo ” and its variants*'* The colonists were not deceived in 
giving lo the American apedcs its rightful naniCi though Cateaby may 
have been thn first to bestow iL 

Crowappears in ^Elfric'’ft voenbidoini" as crawe; ^ kite as glidfi 
and glede^ thf^ last name continuing down to the fifteenth century. 
The Anglo-Saxon or »taer (later $tare) has become the modern 

** starling/’ 

A rnQriiLS4>ript in the Eoynl Idbrary at Brussels^ of eleventh centnry 
cl ate j contains n n timber of bird names, ainoiig wldcb are the gos- 
(literally goose hawk’-) modernized to ^’goshawk;’’ and 
iApear hafoc ('"sparrow hawk”). It tfeems curious that our little 
American sparrow hawk has not borne tlie name of ils near relative^ 
the kestralj rather than that of the quite difierent sparrow hawk of 
the Old World- ^ Turtle” was nn old name for the dove ami appears 
as such in Catefsby C^^The Turtle of Carolina ” I, 24). It originated, 
as Skeat cibser^'ts, from an efFoii to express the cooing note and is 
altogether clifTerent from the word used to de^ignato the reptile of 
the t^amc name. This last was rendered by liiiglish sailors into 
turtle ” from the Spanish t^rtuga. 

Wren, sparrow, and swallow appear in the^ old vocabularies as 
wr^enmij s^pe(ttw(t^ and The firsf of these names Skeat 

asserts derived fnm a base tm;i, to ^^fpieal, chirp, or whine, in 
allusion to the bird's voice. A curious old belief existed among the 

''To call a man a “pawk" Caluipk^tan]! ftp|K.^ra. eou!vn3«at to calling Mm ii 
cuckoo/" a tortu of no unccrtuiii meaulu^ In Elio old day*. 
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folk of sevei til EiirDx>cau countries that the wiau. was the king of 
hirds,^ Hence, proluibly the generic tcnii Reffulus formerly iLpplied 
to yarioud specie:? of wren^ aiidj L'tkewbe^ ita English cejiiivalcut 
kinglet/" *'8parrcjw^’ is literally a ^'fluttoTor^ to quiver), 

and ■” swiillow means a tosser, or mover to and fro; from its Hight "* 
(Skeat), **Lark^ has been softened down from the old English 
^luverok^' or laverock” (Anglo-Sason ?<ii?ery 7 e), literally '^a 
worker of gQilc/' from some old superstition regarding the bird as of 
ill omen. The bostoviul of this name upon an American bird allied 
to the starlings wiia no doubt due to an effort on the part of the early 
settlers to name birds after the more familiar onii 3 s of the homeland. 
The grouiid-nesiiiig liubits, the long hind claw, the loud twittering 
flight notes and clear song of the American bird may have given siomo 
djght reason for thin Lucongruoufi title. 

'"Thriii^h” with its variants throstle” and throstle-kok,” as 
applied to the song thrush {TftrJijj of Europe^ is an old 

word and appears in ihi older forms in a treatise by AValter do Bibles- 
worth lit the etid of the thirteenth century. In the Brus^k Manu¬ 
script throstle ” seems to refer to the missel thmsh (Tuf-dm 
r«*). Tlie song thrudi is also referred to by its other old English 
name of ^ mavis” (later In this same treutiso of do 

Bihlesworth's the. European blackbird (Turdus menda) i$ spoken of 
us “ot^ei ” or hosssl-brit/' and likewise by its old EngtlMh name of 
** merle.” Later it becamo ouaehcock ” as in the quaint ditty in 
if idannmier-Wight's Dream ”— 

The ouftei-Gock. SO hlack of Jiue, 
omoK^taw-Tij bin^ 

Th-c^ mroetla wUb hts aolo so trae, 

Thi! wren with little qallL 
The flucL, the s|tamiw, sad the iiirlt. 

The pEnln-^iu; eaefcoq irnir^ 

WhooiB auio fiiU ninnr a mna Ootli njark. 

And [|iir^ not Answer, nay; “ * \ 

“Jliiwys” or ‘‘milvis’’ hs ti dklMtic name has lasted down to the 
present day in the counties of east England* It seems curious that it 
was not (rnnsferred to any American thrush, notably die wood lhrai*h, 
Osel ” IS clearly the parent word of the modem ousel " and in ibis 
latter form is still applied to an allied species of the European black¬ 
bird—the ring-ousel (T. lor^mtia), os well os to a distinct, Uioiigh 
related, family—the dippers or water ousels <Cinclida>)* 

Witiinut donbL the word “ ihnisher,” applied to the birds of the 
American genus I'oxoiiortta, b a varicut of “ tbnjah and “ throstle.'* 
for we find “ thnwhel and “ thrtisher ^ aa variantii in the provincial 
Engliah dialects. The term **thrasher” occurs in Itarfon’s Frag¬ 
ments (1793), and Wilson also uses the numo as a Tcmacular in his 
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account of the brown thrnsli or frrrngitiou^F thrush {Tox&sfoma 
rfif»7n) as he calls it, lx>th of wliicb facts are dear evidence ns to the 
early current use of this commcjiL tin me for Lhe species in question. 
Cateshy figures tlie Innl under the title fos-coloreil tlirusli (L 2S), 
I n the South it is known here and lliere as ilia sandy mocker and 
formerly le? the French mockiiigbird,^^ this last from the fact tlmt 
its song was iTtinsidered inferior to that of the true niockliigbirtl 
(Miin^is p&l^gJottog) things French being legiirded with a cer¬ 
tain contempt by the Englii^;!! colonists. There is a curious sugges¬ 
tion of the throstle^s song in the song of our brown thrasher, ii fact 
also noted by Wilson, and this may have given rise to the current ver- 
naculnr name- 

Tn a metrical vocabulary, supixjsedly of the fourteenth s^enturyt 
“sparrow" appears in its moderti form; likewise “ larke,"’ “pye” 
(the magpie, “ magbeing a eonlmetian of “ iiiu|;piit ■* or “ roadge/^ ix 
fenibiitie iiione formerly bestowed upon tliis bird), “revyn^^ (raven), 
“ parlhryd,^' and “qiiakO'' also iip[iears in its present day 

s|iellirig and with its Lntin equivalent Grof^ulrnffiie^ winch may be 
the origin of our modern word “grackle.^ “ Jay^* is from old 
French “ gai equivalent to gay ■' (pluinngjc). 

In a or list of weirds, of fifteenth century dale we find 

“ wagsierd '* (wagtail), “ uuthage (nuthatch), and “ bttntyk ” 
(bunting). In a curious pictorial vocabulary, also of Lhe fifteenth 
century^ “kingfisher^- appears as “ kynges^fychere and “ wuod- 
pecker’’ as “ wodake ” or wooilLock/^ Our “redstart’’ evidently 
received its fiame by suggestion from a very flifferent bird of tho 
Old World (/^uliciUa pAo^tdeumg). Tl is so called by Catesljy 
(L 67). Startk from Anglo-Saxcm “steort,’' a tail “Tit¬ 
mouse” has been transferred to varioua iVnierkati species of tlie 
family (Ciiteshy figures the “crested iilmouse,” 57), the prefix 

tit ” meaning smalh “Mouse” is from Anglo-Saxon mdse^ a 
name, according to Skeat, for several kincl& of small birds^ and not 
to bo confounded with the mammal of the same name. Hence, the 
plural “titmouses,” not “tSiinice” is Lhe proper form, though usage 
ha8 established it otherwise. “ Shrike” is another immo transferred 
from European to allied Americcm species. The name probably had 
its origin in the voice of this bird or of some ttirush, and later be- 
slowecl upon tho members of tlie Laniidro (see Sewton^ Diet, of Birds, 
843). “Martin” (and its older form “Martlet”) was evidently a 
nickname applied to a Euroiiean ifW^allow {CA^-Mon urbica) and 
given by the colonists to our species of the genus Progj^e* Eartram 
calls the bird “ The great purple mart in,” 

- Blackbird.” applied to certain American species of Tcteridae, is 
a name suggested purely by color. Catesby early gave to our 
Agd<iiyjs pkeenkeus its more nearly correct title of “ Red-wing'd 
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starling’’ (1. 13). Kalni (Forster) uaea the older form 
(Cng. Trans,, II, 73—79) and likewise refers to the speotos of 
as “bliiekbirds,'’ remarking that “The English cal] tliem 
hl^khiTiW" (Eng. Trans., 1, Our goldfinch appetite fiiat in 

Catesby db ‘‘The American goKlfineb” (T, 43), the name clearly 
borrowed from the Old World Carduelif et^guns. ^ Siskin in like 
manner comes from the Old World, tlie word being originally of 
ScandinaTian origin and meaning “chirper'’ or “piixjr.” “Snow 
bunting " is tlie old niime of Ph'ctt*tij)hctttue nivalh and should rightly 
replace die fanciful “ (ftiovidluke,” Our tree sparrow ” is the re¬ 
sult of a confusion of the American sjiccics {Spisdla m 4 itUhnUt) 
with the mounlain or tree sparrow of Europe {Ptboter moniauHn). 
This wn,B corrected by Pennant, but the name “treo” was retaincHl. 

A rather curious ease of name transfer is that of our yellow- 
breasted dint (/ctert'd tnwne), The bird first tippeara under this 
title in Catraby’s Work (1, 50), and was evidently so called by him 
in a tnistuken idea that it was related to the birds of the same iiQine 
licloiiging to the Kuropenn genns Sttxicida^ This fact is made evi¬ 
dent by the Latin wortl frmnthe used in tlie descriptive dcsignatiun. 

The name “bu^itard" as applied to the turkey vulture appears 
early in the literature of American birds. Cateaby calls it “ turkey 
buzzard '* (T, 6). As an old English name of Norman French deri¬ 
vation {Buittrd, Latin Btiteo) it had, os Newton points out (Dirt, 
of Birds. 7«7), a definite meaning in I'cktion to the old .sport of 
“ hawking.” Hinls of the genersi Bateo and Ctrcu» (Harrier) were 
styled “ Inizzartls ” (more eajjecialiy tlic species of the former genus), 
of slow and heavy flight, and “ were regarded with infinite scornl 
and hence in wmmon Engli«)i to cull a man a biizzar^l is to denoiinto 
him 05 sttipid.” B'ith the exception of eagles and owls and a few 
kites all binla of prey in this country arc termed “ hawks,” and 
“ buzzard ” lias been relegated to this slow-moving, carrion-feed in >* 
Species. 

II* >'A3i|E9 DKiin-TO KlIOM ^ 1*AT|N EQf (TALK 

Several of our English binl names have come into every dtiv 
sprech by the anglicizing of their generic titW The Linna?an 
genus Oriolfis (from Oriolo,’' I^tin auriinif goid} incloded certain 
species of Irtenda*. which thougii very different from the Euroixsun 
Oridwf gfdf>ul,(, still bear its nsme. “Vireo” arc 

anglicized generic name^ The word “gruekle ” applied to certain 
^les of our rctendm apjieara to bo an anglicized word derived 
from the Linnwan genus Grtirufa, The word originallv referred to 
the daw or jackdaw of Europe and the relationship‘iN-tween the 
American hmls and the European spei-ies, though sranewlnit distant, 
was recognized by curly writers. QuMua appears in 
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Catesby as Tbe purple jrirkibiw(1, IS). Bartnim calls it the 
'^Lessrv purple jackdaTH' or crow blackbird ■’ (the first notice I have 
found of tills last common name}. Wilson calls it the “ pirrple 
grarklct^^ from which sourre it has without doubt spread into the 
current vernacular nf oniithologjj tUougb not into the speech of the 
people at large/ 

The name ^^panila” recently in vogue for iho wiirhlei^ of the 
genus CmipsotkJ^ph is clearly borrowed from the old BonapnrtC! 
genus Pirrula (diminutive of titmouse). The bird (P, npner*ica7ta) 
has appiMired under various titles—^‘Hhe tineh creepier ■■ of Cntesby 
{I, 04), “the vorious-eolored little finch creeper^ of Baftrum 
(Travels. 202), and the *" blue yellow-backed warbler of Wilson^ 
Atidubon, and later authors. 

In “Kinglet” we have a word rendered into Englbh from tlie 
generic name (CuTior)^ though its use is somewhat recent^ 

“ ivren ” lieing the vernacular dedgnation of the species of iCef/ulmf 
until a coniparativel}' lote period. Edwards ((Jletmingn, V, ®5) 
refcR; to the species as Le Bnitekt ” (also Bu ffon). 

“Tanager -^ is another derived word from the Linnsean genus 
probably of Bra3£illan origin (Maregravej Hist. Rer, Nat 
Bras.^ 214). 

m. NAMES SUGGESTED BT VOICE. 

In this groupj and in the ones that follow'^ the vernacular names 
are more specific in their nature, indicative of aome peculiar fea¬ 
ture or habit of a spjecios. Bird, voices have been embodied from 
the earliest timea in varions expressive syllables wrhich have given 
rke to a variety of names. **(}uckoo” was one of those, and in 
like manner “crow ” and other bird namt^ of the Old 

World. The babble of our voluble chat, as we have seen, undoubt' 
edly led Catesby to ally the bird with a group of very different 
species. In America the colonists soon found natue^ by which to 
designate a number of birds from pc'ciiHarities in their vocal per¬ 
formances. Ijitham speaks of the “ Phoriie-bird ” {Sa^omis fuaetis), 
unquestionably given him by some trans-Atlantic correspondent. Our 
name ^pewee” h given “pewit” by Bartram. Wilson named the 
“wood pc wee” {Contoptf^ virens) from voice and its hwbitat. 

The older writers give “ rice bird” as the chief caption of Doll- 
chonyst o£y^iv&m» (Catc^by, I, 14) and Ban ram calls the male 
“the pied rice bird.” Wilson calls it “rice birtl/- but mentions 
its other names, *^boblink” and “reed bird.” Nuttall, m a good 
New Englander, gives “bob-o-lmk” ais its prindpfll naiue. and 
Barton, in his Fragments, has “ bob-lincoln*” I find this iW title 
also in a sketch of the English writer William Hasslitt (1735). These 
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are 111*! anrliost ref^rafitcs I tisn find to this siong naxiie of die bird 
vliicb appears to Iwjvc been early in use ihrotighont S'ew YorU and 
New England. 

Among the current specific nppelatioDs of certain sparrows some 
recent changes ate noteworthy. 

The yellow winged sparrow” of WiLsoti is now the ‘■‘grass- 
hopi>er sparrow,the first allustcm to its grusshopper-Iike notes 
licing. as far as I can find, in Coues^s Binls of ilie Northwest (p, 163). 
It c owe the attractive name of‘‘vesper sparrow to .Tohn Biitroughs 
(li\ake Itubiu), which has siiper^^ed the older *‘gta.sii finch’’ of 
Tennant and Gnielin and the ♦‘biiy-wingud finch” of IVilsoti. The 
“chipping spaiTow ” is through Wilson from the earlier “ little liouse 
sparrna' or chipping bin! ” of Bartram. “ Song sparrow ” unques¬ 
tionably originated through Wilson, as aliso the specific title iWorfia. 
Catesby (I, 34) figures and describes “tlie towbe-bird” (Piptlo 
Wilson speaks of its name in Poniisvlvania as 
“ chewink.” "Towhec” is a later form of the word by adding an 
additioutti “ e.” “ S%vaiiip robin ” and <in Virginia) “ bulfiudi " are 
other names luentioncd by Wilson. 

*' Pipit ” is an old English natne applied to the titlarks (AatAuj) 
and is derived through “ peep ” from “ pipe,” imitative of the bird’s 
note- 

Catesby calls the mockingbird (Mimug pott/ffhttoa) “Hie mock 
bird ” though Bartram gives it its modem form. “ Cathirtl ” appeais 
as such in Catesby (I, (JC) and Bartram adds “chicken bird” os n 
synonsm (Travels, 2()0)< “Chickadee” os a general imitative ver¬ 
nacular name for the species of Ptmig I find first in Audubon. Tlie 
name “ veerj," given to the tawny tlirush (rurvfuir fugc^iii) in imi¬ 
tation of its note, 19 first us(>d as u sj-nonym by NuttalJ. 

"W'arbler” as a general term for smaU song birds of the Old 
W orld family Sylviida?, has come down from a word in several of 
the old European tongue.s (Ohl Frencli, Old High Gcnnan, Middle 
English If erifer, It ci^efea), meaning to w'hirl, run around, wurble, 
as a bird (Skeat), Jn its s|)ecial uppLcation to the speci<» of Sj/Mft., 
wmeh we owe to P^ennunt (1773), it included the American warblers 
(Amiotdtid^) which were later t^epurnfed as a distinct family (Sylvi-y 
colido^) under the title of “"wood warblers.” “ TVood warbler,” how¬ 
ever, has not prevailed, uml “warbler” continues to lie the current 
vernacular for Iho various species of this dtarecteristic American 
family, though, ns we are well awiure, the name lielies the insect-like 
notes, drawling monotones, lispings, and wheezing ijerformances of 
the majority of tlie species. A few do really warble in the accepted 
w*”** most speak in a tongue peculiarly 
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Kalm (Traycl?^ Hng. Trans., II, 151) speaks of whip^poor^wiiP* 
as the English name of Antrostomm vocifent*. A confusion appears 
in Bai'tram (Travels, 292), who has it “night hawk or whip-poor- 
will.’' Antm^tijiniug c/iiWiWnm is called hy Hartraui (29*2) “the 
fjreal hat, or cbudc wills ividtiw," Xight hawk *’ is ^ven hy ^Vilson, 
thutigh this specie {Chord€il<ts >;irgimanwi) appears to have been 
deacribtfd hy Catesby under the name of ‘Hhc gwitmicker of Caro¬ 
lina ” (r, 8 ). 

ColinuK virgimanvti has long proclaimed liis pru|]er title of “ bob 
white,” wliich has now become the accepted name of the species, 
superseding the older and less distinctive terms of **quail” and 
“partridge.” 

IV. xAitEs srouEATm} ar so^ie rEcmiAB uabit oa itABiTAT, 

“ Flycalcliur ” b a name of obvious application given to an Old 
"World group of birds. From the peculiar habits of certain Ameri¬ 
can species tlm term tyrant Hycatchers ” lias become current. Tlio 
“kingbird is hrsl so called l»y Burtiuni. Catesby figures the species 
as ‘‘the tyrant,” whence the name of general applicadon, Wilson 
speaks of its name in Maryland as the “field martin,” and “beo 
martin ” j.s another name in certain localities- 

“Gnatceteher” is a name that first appears in Audtilion, from tho 
Swainsonian genus f7(rf»W>wu. The species {FolioptUa cfendea) 
was originally “ the little bluish gray wren ” of Bartram (Traveb, 
291), and later the “■ small blue grav flycatcher” of Wilson (A. 0., 
II, m) ” 

Several .(ip^ies of warblers early received names indicative of 
peculiar habits. The worm-eatiog w’arblcr {HalmUherm werm/- 
rorwa) of ll'ilson and later authors was originally “ the worm-eater ” 
(Edw*ards, Gleanings), from Bartram; ahio Latham and Pennant 
from the .same source. The pine-creeping warbler {Dendroiiiit 
vig<mi) of Wibon was the “pine creeijcr” of Catesby (I, 61). Ed¬ 
wards (Gleanings, 93), quoting a letter from Bart rum, saj’s of 
nw aurocitpiihun that it “builds its nest upon the ground, and always 
chooses the south side of a hill; that it makes a hole in tho leov^ 
like n little oven, and lines it with dry grass,” etc. This is the first 
reference I have found of the familiar vernacular “ovenbird,” 
tilthough Edwards calk the species “ golden-crowned thrush.” ** Wa¬ 
ter thrush " and “ wagtail ” were names early given to tho other 
species of the gimus, and Pennant spealrs of one as the “ Xew York 
warbler” (Arct, Zodl., II, 308), whence its old specific name of 
mt}eboracetu»0. The vernacular “ myrtle bird ” first apijcare in JTut- 
tall, hence probably “myrtle warbler” of authore, though early 
accounts speak of the bird's fondness for the lierries of the wax 
myrtle {Jlgrica). Catesby calk it “the yellowrump” (I, 58) and 
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Edwards (Glean., VI, pi. 298) ‘‘tlie j»c*ldGti-cro'vinid flytiatcliGr.” 
Ttic magnolia warbler was found 1^’ Wilson utttoiig the ninguotlas, 
nol, far from P'ort Adutii^, du the Alissii^ipp!.” IIo gallvd it the 
**blaclr and yellow warbler, Syhua ilayvolia^ (A. O,, 111, OS), 
hence ‘^magnolia warbler^ of inter nitlliotvi, Diynrhoira ptilfrtitriftn> 
tho “ palm warbler of Latham (Synop,, 11, 491), is tlie yellow rrd 
poll' ” of Edwards {Pitru.it rntreua I'ertiea rttbio of llnrtrani and Ibe 
“yellow’ red-pol] warbiar" of Wilson. Wilson called Demlr&ica 
discolor the “ prairie warbler ” from the oj>en tracts of Kenlueky 
where he first found it. 

Of the sparrows, several species liavc received names indicative of 
habitat. The ‘^littlr field sparrow” of Bartnim became the field 
sparrow” of Wilson and later authors (“biisli sparrow” of Bur- 
rougtis). 'Wilson first Itestowed llic vcrtiacniar title of “ swainp spar¬ 
row” up>n J/eJospisa (/eoryiamt, though it was known to Bar tram as 
“the rce«l sparrow.” In like manner the name ^senside linch ” was 
given by WUsoti to Amt/iodrttNms mariimtus frtitii habitul (A. O., 
IV, G8). Jumo Jiycvwlis was called “snowbird” by the Ciiriy act- 
tlsrs, from the fact of its appearance in the late autumn and ut the 
eoiset of winter in the coastal plain re^on (Caiashy, Kalm, Wilson, 
and later mitliors). “ Junco” is a conipamtivcly late adoption in 
order to avoid confusion with the snow bunting, PUcimphomne 
nivalis. 

The “house wren” is so called by Batiram (Travels, S91) and 
the “mamh wren” likewise {the latter most likely referring to the 
long-billed species). Wilson, correcting earlier errors, gave the title 
“ winter wi-on to T. hiematis. 

“Chimney swallQw ” is an old naiue for the “chimney swift” 
{Chnfura pciai/ha) tind is given as such by Knliu, Bartram, and 
early writera. 

“ T. melodes, the wood thrush,” ia so called by Bartniiu (Travels, 
290), Wilson named the “ hermit thrush” (7. solilarta^ A. 0., V., 
95} from its habitat and its retiring habits. 

The Cowbird was “ the cow-pen bird” of Cutesby (I, 34) and like¬ 
wise of Atidubori, and the “tJOW‘ hunting” of Wilswi, “.Meadow 
lark ” first appears in Wibion. Bartrnm raHa it “ tliv great meadow 
lark,” and Catesby “ the large lark” (I, 83), Pennant, nearer the 
truth, wills it the “crescent Rtare” (Arct. 5Jool., 192). Wilson also 
speaks of “old field lark” os its common name in Virginia, The 
“ shore lark” is so colled by Pennant. Gatesby calls it “ the lark ” 
(I, 82), Bartrnm the “ skylark.” and M'^ilsoti the “ horne<1 lark,” 

Several of our American kwoIIows reeciveii names indicative of 
Imhit or habitul. “ Bum sw’ullow ” origiiuitcd as a specific title witli 
Barton (hortc&runi. Fragments, 1799), It was ihe “ house swallow ” 
of Bnrtr&m, The bank swallow is the “ bank martin ” of Burt ram. 
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"" Cliff iiiid eji%"e ” sWfUlow are i>ames of Pelr{>rkelMim hinlfmaa 
according to the pariiciiliir nesting site ndoptcil by tliis specie I 
Iiave failed to Bnd aiiy early reference to the imina ''' tree swallow 
for T. the "" white-bellied swallow ^ of earlier authors* It 

appears to have come into use at a'comparatively late peood- 

I)artruui speitks of cedmmtfir as crown bird or cediLr 

bird"" (TravelSn, 2UO), Uio latter its current uanic. 

V. NAMES SlOC^E^mitJ liV COLOR OR OTHER V^TUJiE, 

A large nitraber of our American bird names owe their origin to 
color or to some conspicuous external feature. Tlie great crested 
flytra teller •' of Wilson Is the great crested yellow-bellicil (lycatcher ” 
of Bart ram and 'Mhc cre^od flycatcher'" of Catesby (T, 52). Tlie 
won! great ” evidently i^rigiiuited with Bartram. " Baltimore,’" ^ 
applied in the vemaculiir to hifirim ffalhuta^ was fii^t used in omU 
thological literature by Cat&^by—^The Baltimore bird’' {T, 48) — 
the name being derived from its color pattern, tlmt of the livery of 
the Calverts (liOrd Baltimore), liaiirani calls it 'rBaltimore bird 
or hang nest-"' The specific appeilation orchard appears first to 
have been bestowed by B^'ilson npon Icferas spurim^ which whs the 
'"bastai^d Baltimore'’ of Catobj {I, 49). Wilson goes to some 
length to set tilings right conceming tliis speciis. Scarlet,'" as 
applied to the taiiager {Pmmfin appears first in Ed¬ 

wards ((ileanings, 343) a^s the f^carlet sparrow.^ Pennant calls this 
gjjecies Canada tniiagcrJ" The “siitiiiner redhird is so called and 
figured by Cntesby (T. 53). BaTtrnm speaks of it as tbe ^ izundhilt 
TCilbtrd of Careliim,'- Aniong tbe sparrows nnd gra^buuks tlierc aro 
a nitiiilwr of species^, the names of which have a color origin. Bed 
polK’^ given to a s]iecieH of AcantlM^ appears os the lesser red¬ 
headed linnetand lesser retljaile,'' of Bay and Penmanh " Ijin- 
nel"' is an ancient imine cotamon in several European languages atni 
is in reference tcj the fondness of these birds for the seeds of Ihc fins 
{IJnum). Bartram undoubtedly refers io this species {At-nnikls 
Un<irio) under the name of hemp bird.’' Purple,” as applied to 
C^rpoddcuif purpurem fiii^t appears in Catesby’s work (Ij 41) as 
“ purple liiicliand h ii lunnnmeiUul witness of an inability to 
pH>i>erl3* discriminate either iTetween tw^u very different shades of 
ctilor or in the use of the right ivonL White-tliroateiJ sparrow ” is 
m cftlletl by Edwards {vim\ a dniwing of tiie species sent him by 
Bartmm. who speaks of it in his Travels as ^'Flie large lirown 
white-throat sparrow,” Z&noIrhAia hacopArps is tlm “ white- 
crowned bnnting ” of Pennant. Tlio vernacular of Pa^rellfi 
has been (ontracted from the earlier fox-eidored ” (or colored ”) 
to simple " fox sparrow.” Bartrum calls it the red or fox-colore^l 
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ground <*r licdgr aparroir." Barton, in Ills Fragments, speaks of this 
species* riAtiio in Xrw York as ** the shepberd ” (Fragments, 15). 
Our modern cardinal ” is undoubtedly of French origin. Catesby 
gives it its English title of ‘‘‘red bird’’ and also ‘“Lc Cardinal” (1, 
38). It is ‘‘ the red bird or Virginia nightingale” of Bartram and 
otlier early writers. Catesby figures Guifai'a c<]tfutea as “the blew 
grosbeak” (I, 39). ** Kose-breasteil'* (Wilson) may be traced to 
Le lioite Oor^f. of HufFon and “ red-breasted groKbenk ’* of Pennant. 
Pm$ennti eyow-v? is ” the blew linnet ” of Catesby (1,45), wbo further 
alludes to it as llie “■ indigo bird of Auieriea.iV5,” The ‘‘ painted 
finch” (P. fsirii) is so called by Catosby, and Barlram likeivise adds 
its other title of “ nonparioL” " Liiiiuill ” was bestowed upon P. 
«n»«-no by Say (L«»ng’s Esp., 11, 47, 1833). 

iVnuant liriil nsses the name “ blnrk-throflted bunting” for Spisa 
«?wcriVfm<i, but Bart mm mentions this species under the title “ Ca- 
hndni the iluy hinl” (Travels, 391). “ Dickcissel,” its 

modern iiuirie, appears to have originated tlirmigh Mr. Bobert Ridg- 
way from Middle West localities (Cones, Birds of the North West. 
136). Wilson borrowed the terra “sharp-tailed ” for Ammo(li‘<tmita 
cavdac>itv9 from Turton (Syst., 5G2). “Lark,” as applied to two 
species of Fringillidie— ijrammaevi! and Calammpiao 
bestowed upon these diflerent birds, in the one 
case by Say and in the other by Townsend, in view of their lark-Jikc 
iippeantnce and IiabiLs. 

Among the warblers we have a host of color names. “ Mourning 
warbler” we owe to its discoverer, Wilson, Thi> summer warbler or 
“yellow warbler” (flendrotea a^Alive) was “ the yellow titmouse ” of 
Catesbv (T, f53), *' the summer yellow bird ” of Batlram. the “yel¬ 
low poll ■’ of Latham and Pennant and the “ bliie^jed yellow 
warbler of W ilson. Saj’ first described the oraiigu-crowiied warbler 
{ndmmfkophaii relnta) (Long's Exp., 1823). Mniotilta was 
the "black and white creeper” of Edwards (Glean.. VT, received 
fixmi Bartrani who gave it its name), Tn his Travels Bartram calls it 
the “ blue and wliita striped or pietl cteeper ” (p. 289). Of the pro- 
tbonotarv warbler Pennant (Arct. Zool., IT, 30) says: “Inhabits 
Loithlsait, Called there Ic Pirot<»iot<frla; but the reason has not 
reached T'robably in allusion to the vi'stnres of that office. 

Many specif^ of warblers a'tre earlier known by tlu? various names of 
flycatcher, “ titmouse, and " creeper,” according to their peculiar 
habits, the £|jecific vernacular being mainly io relalion to color. 
Ihndiyma ifttnduteem was the “ blue flycatcher " of Edwards (Glean., 
jil. 2,''.a, received from Bartram); the “ black-throat of Pennant 
( Arct. Zool,. II, 285) : the “ black-throated warbler ’ of Latham, and 
I he “ bkck-thrnated bine wurbler " as first applied by Wilson. Wil¬ 
son lirsi named the “ cacrulean warbler." The “ blaii poll warbler ” 
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appears as such in Latham and PcMiiiauL " pull '* or pole " being an 
early name for Lead as in our poll tas.^ Tliu yeHow-tliroaled 
warbler(/>. di^minka) was ^ the yellow-tlirouted creeper'" of 
Cate^by (I, Gl). The “blue-winged yellow warbler^" 
phil^ pinits) was formerly CQnfiip'ed wilU the “ pino ereejwt"" of 
Calesby hence pmm as applied to this siieciiss of ilel- 

nihith&pkUtt. Its vemaculnr is a clear Ininitlation by Wilson of Bnr- 
trail IS ^yFam^ aurem aJh ceruJek^ blue-winged yellow* biril''" In 
like manner 17. chr^^optcra Wfis the Ftirm ath aitreuii of Bart ram, 
the “golden-WHJiged flycatcher^" of Edwards (from Bartram), and 
the golden-winged warbler '• of Wilson and later aiithoreL Wilson 
first bcatow'ed the names bay-breasted and diestnut-i^dcd ” upon 
/>* en^tanea and Ih pem-pimmin. The former wag Bart rum's little 
chocolate breast titmouse^ (Travels^ 2S>2) and the latter his “golden 
crown flycatcher*" This last s]}ccies, also, was the “ reddhroatctJ 
flycatcher of Edwards and the “ hloody-sido warbler^ of Tiirton 
as a result of Edwards's badly wdored plate, D. rimwt wii_s the 
“ green black-thnmted flycatcljcr ” of Bart ram and the “ black- 
throated green flycatcher^ of Edwards (Glean.^ VI, pi. ilOO, from 
Barlram), Tbc *'hooded warbler^' (Sylvanm mitrata) is figured 
by Catesby tmder the name of the hooded titmouj^c (T, GO). 

“Black-cap titmoii=«” is Bartrani^fi name for the species 
and prohnldy also its near relative 
The “olive-backed thru^ibwas fir^rt so-called by Gimud (Birds of 
lA)ng Island^ IW, T, was called “tawny ihrusir' 

by Wilson* “Bluebird" ia an early miuie. The species Ls figured 
by Ciitesby {L 4T) as ““ the bkw-bird^*’ Pennant called it the “ blue- 
backed red-breast” (Arct. ZooL^ II, 91), l,anim Itid&vieiamis wa;> 
called the “logger head shrike” or “loggerhead” by Wilson, as its 
tmmnion name in tlie South, 

of our species of woodpeckers early received their name^ 
froiti color markings or other external feature-^ as “red-headed,” 
“yellow-belliedj” “golden-winged.” “plicated,” “downy,” “haiiy.” 
“ ivory-hi lied,” etc. The word “ flicker," as a vernacular of Colapten 
auraiu^^ probably origimited from the bird^s call notes. It is rc- 
ferrcil to by Wilson. 

VI. SAMES SUGGESTS BY LOCALITV (mACE-S AMES) OE JN UONOH OF 

SOME i-K&SON, 

A curious miaapprelienFiori os to the significance: of the current 
English mime of samtina seems to 

exist ia omilliologi^:al lilernture as revealed by its orthography. 
Wilsou distinctly refers to the city of Savannah as the locality whero 
he states he find diiicavered the species (A. <J., Ill, 55) ami he so 
spells its name in tlio EngU-di title. Its specific name, how^ever* 
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he gim as ^'Eavjumo.^^ In our current lUerature tliis last app^re 
as the method of spellmg the bird^s nauie iii EnglLsh^ winch is cl^rly 
misleading. In its general applLcatio^i savannamight l)e very 
appropiiHte in view of the species* habitat^ but Wlkon intended it 
(ithenvise, and Savannah sparrow^ is the proper form of llie 
English narne^ 

The term ‘'evening^’ in the vernacular of Heaperiphatm vesper- 
llmi as given to the species by Cooper ^Aunabs S. Y. Lyceum Nat. 
Hist,. 1, 2'20) conveys, as does the scieatihe name, the Idea of the 
weft or the plate of sunset- 

GeotMypis t^-iekag was called by Bartram ^the olive colored 
ydlowthroated wren ” (Travels, 21h2)* Of the bird^s present English 
name I find the following interesting reference in Edward^s tilean¬ 
ings (Y, 5T) ! Petiver, in Ui& GaKophylacium, plate vi, has 
given the figure of a bird, wbieh I believe to be the aame with this; 
for which reason I continue the name ho has given it • * 

""Avia (fuUvrc fu/eo, Uic ilaryland yelloivthroaL Tbii 

the Eev. ilr. U. Jon^ sent me from ^L^^ylalld/"• Edwards^ later 
received the bird from Bartrum with a drawing *^Wery neatly and 
exactly done, by Ilf- Wdliam Bartram^ of Pennsylvania, who hath 
enabled mo to give a furtlier account of tJibj bird, for he ^iays U fre- 
quent«. thickets and low bushes by runs (of water, I suppose, ho 
means) and low grounds; it leaves Pennsylvania at the a]>proad:i of 
winter, and is supposed to go to a waimer climate.’^ 

To Wilson wo owe the place names of live of our specie of 
warblers—the Kenlucky, CunneTticiit, Tennessee, Nashville, aud Cajic 
May—from the State or locality of the fir^t capture liy liim of the 
spticies in question. John Caasin named a species of Virco “ l*hik- 
delphia ^ after the city in tlie neighlwhood of which he obtained 
his type specimen. 

Thryoth{yrtis hfd&meumns obtained its vernacular throng Bar- 
tram—""(regu I us magniie) the graat wren of Carolina*' (TraveUf, 
2^1). This Wibftii transposed into Great Carolina wren.*' 

The “ Blackburnian warbler is so called by Pennant and Latliani, 
and WHS named in honor of Mrs. Hugh Blackburn, of London. 

A nimilwr of our birds acquired their names in the first half of 
Ihc Inst ccntnrj^ in honor of certain pertrous known to their des^ribers, 
as LincolnV, Ilenslows, IjiConte^s, and Harrises sparrows; Town¬ 
send’s, Aiidubori*s, Swainson-s* and Bacbnian^s warblers; Lewns^s 
woodpecker; Clark*a nutcracker; SteUer^s luul Woodhouse’a jays* and 
many others of early and recent date. 

“ I.s)uisinua.^ as applict] to the species of tannger (Piranga htdo- 
t^iclana)^ and the water tbriudi (Stftaruff refers to the 
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region enibrflce<l m the Loinsiana Purchase, not to the present State 
of that nnme. “Florida,” “Canada,” “Califomia,” “Hudsonian,” 
and other regional names have in like manner been applied to certain 
species, as “Florida jay,” “ Canada jay,” “ Canadian warbler,” “ Cali- 
fornia woodpecker,” Hudsonian chickadee,” and so fortli. 

The matter as presented in the foregoing sketch does not pretend 
to list all of the species and Tarictics of North American land birds. 
It is only a sketdt or outline of a most attnictivo subject and was 
written partly for the purpose of gatheriug together what knowledge 
we have of the history and origin of our more familiar bird names. 
•tSTHQ’^M lOOfO-31 
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CONDITION OK WILD LIFK IN ALASKAj 

[WItli t phitif.] 


lij' ^f ADTtiON <i«Ai1T. 


Tlio Opening of ihft twenlielh found iJie gntnu in tbe old 

tcrriiori^^ of the United ivell on the road toward tbe ouiidi- 

tion^ thiit precede extinttiom The hisoii hatd licen pmctically gone 
for two decades. The tnountnin sheep hud l>ccti oxtenmnuted 
throughout a y^ry large part of its original range^ mid the iiiituber 
remaining in remote mountains was sadly reduced. The w^apili,, 
while still living in herds nimibering mony thousand, was rapidly 
w^illidrawiiig to the vicinity of its lost refuge, the Yellowstone I^urk* 
The prongdiom of the plains was disappearing with increasing 
rapidity, partly due to the increasing use of the barb wire fences on 
ii^ flintier mngifts. 

Tins rapid dim in ul ion nf the game animals of the United Slates 
was, and is to-day, the inevitable consequence of the settlement and 
occupation of tho best gtiizing lands- Illiile there remuin mountains 
where the game is relatively undislurbed, so far as the killing of 
individuals is concerned, and while these ranges in summer appear 
well adapted to sustain a large and varied fauna, iheir actual t^apacity 
to f^iistain life h limited to such anlmnls as can lliere find sustenance 
during the heavy snows of winter. 

Before the arrival of white men, tho animals, which live^l in the 
mountains during the ^umttieri sought refuge in the ^heliered valleys 
iind foothills during the cold season, Tlir^ favored localities, liow^- 
ever, were at once occupied by settlers, and the game was depriveii 
of i\B winter feeding grounds. In my opinion^ this has done more 
in recent years to eKlemiinate the targe animab of the West than the 
actual shooting of individuals. 

During the closing yeai^ of the nineteenth century the Aineri^ 
(?an people had obtained no little expericni’e in game protection, oiul 
hatl einboiliei:! it in Keileml statutes and the game laws of the various 
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Stute^L Of nil the n^g:u]ations establish eel for the pi^ervaiioii ot 
wilil life, (he motit pniclical and effective have beca fouad to be* brst^ 
the proliibihoii of hide iind lieiid luinting^; second, the prohilritjon 
of uairkrt liuiiLiii^^; third* and nio«l important of alL the establish- 
meat of fianeliMrii^ ivli^re game could loam and breed ab^lutcly 
ni]i]istTirl>ed* Tlie most ctmKpIcuoiij? exunipk of such refuges is the 
YeJU>w?tonc Park, the nnqitcatiouef) auccewg of which b admitted 
rm all sldesv 

At tlic eriil of the century^ the gold discovered in the extreme 
northwest of CanadH and in Ala^ska brought these territories snd- 
dc-iilv before the public eye. wii?i a district of eiionnoiis ex^ 

tent, lying at the extreme limit of the ooiitineritT and populatLHl 
by a largo and varied fauna, which was pnictically uniliaturi>ed. 
During tlie last ten years thousands nf prospectors and nimers liave 
gone into Alaska^ and in many places worked havot: with the game^ 
On the wliokv however, the deslrurtion of the gauio haa not yet gone 
far enough to ^lermatiently injure the fauna of the region, provided 
the matter of protection b taken in bund scientifically and in the 
in I mediate future. 

We have in Alaska a gigantic preserve. In it thei-e are not only 
sever a I specicsj rich in I he numbers of their individual mend^ers* but 
111 PC nsrtiun spexues which iu point of dm appear to be the ^‘ery 
culmination of tlieir respective genera, as, for examplej the giant 
moose. The bnown liear group of southern Alaska ^-ertainly contains 
the largest Ijcurs in the world, not even excepting the great fisit Iwar 
of Kumvhatka or the extinct cave Iwiir of EuropeL The largest 
knowTi wolves are found in riortbern Alaska^ and a w^olverinp of ex- 
reptioiial size has l>een recently described. When this great giuuc 
trgion was fir^t opi‘ned up imiudilate legislation wiig needed to pro^ 
tect the animals from the deliberate onslaught of hide hunters in 
s^iiitherustem Alaska; of head hunters, who attacked the moose, sliecp^ 
and cuHIkiu of the Kcnai Peninsula, and of the miirket hunters gen- 
niilly throughout the cwist regions. A game law, which c^^rtainlv 
piTtved ciTet'tive in making it difEcuIt for sportsmen to hunt in 
Alaska, wiis passech and a revision of this statute is now before 
( ongrc^Si It is not the intent inn to discuss in this paper the details 
of I he pro postil legislation. Iscvnnd saying that the measure is pro¬ 
posed hj the friends of animal life in Alaska, and has the sup[x>rt 
of ulicliesl interpsts in that Territorv. 

1 he general prineiples of game protection applicable to the sitti- 
alion ill Alaska are dmple. It should l>c clearly understood that the 
game of Alaska^ nr of any other regioiij docs not Iwlong exclusivolv 
to the liuman inhabitants of that particular region^ and that neither 
the white settlers nor the native inluibitants have any inlierent ri'dit 
to Lite other than that conferred by kw. The interest of me 
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i*nljre pcuplti of the Unilcd und to sttan? thjil of iIk* 

rivUise^l world, Ib centeiGd tn tlif continued raistijncf! of tlie fortii:4 of 
utiimu] life wliidt have come down tu iis from nn iuiDicnse iLijtlquity 
tliroiigh the alow prot'ess of evolutmo. It is no longer genenilly 
ooncodod that tlie locfll inhabitants of any given district haven divine 
commission to jioUiite tliu streams with sawdust, to destroy th* 
forests by axe or fire, or to alaughtcr every Jiving thing within roach 
of rifle, trap, or poisoned bait. This must be thoroughly understood 
in adviinrt. Tlie game and the forcsfls belong to the nation and not 
to the individual, and the use of them by tiiie individual cittKen ia 
limited to such privileges aft may be aecortled him by law. The mere 
fact Hint be has the power tn destroy without interference by the law 
docs not in itself confer a right. The destruction of game is fur 
more often effected by local nsidents than it is by visitiug sportsmen, 
but the chief evil doer, and the jmhlic enemy of all classes ia the 
professdonal hunter, either Indian or white, who kills for the market. 
IVorse still, perhttps, is the professional dealer in heads and amlers, 
wlio em.plo3'S such hunters to provide game heads for the decoration 
of the hampict halls of the growing closa of woulddie sportauicti, who 
enjoy the suggestion of hunting prowess conferred by a selectetl col¬ 
lection of purdiiiBed Iicads, mixed in with those of their own killing. 

Ilowever efficient tlic gome laws may be In limiting the killing to n 
given num1>iT of individuals, and to cert□ in st^sons of the year, or. 
liettcr still, to the ndult males of certain species, the only pcmianently 
etfcctive way to continue in abundance and in individual vigor nnv 
species of game is to establish proper sanctuaries, as thoroughly coii- 
trnlled as the Yellowstone Park, and these must contain both slimmer 
mid winter ranges. In such areas no hunting or trapping, nor per- 
haps even dogs, should be allowed; and in them the game will tiien 
retain its native habits and iirwd freely, while the overflow would 
populate the adjoining districts. This principle has been applied in 
Kast Africa with brilliant suecesa, where a protected strip of Imid nn 
either aide of the Uganda Railway is now absolutely owamiing wdih 
game. 

^ Such preserves should be set aside in Alaska, while land is yet of 
little value. Districts should be selected where there ia but little, if 
any, mineral wealth; and theie are abundiuit areas of that descrip¬ 
tion in Alaska. Certain islands should also be utilized, particularlv 
in southeastern Alaska. Heyojul doubt such refuges will be ulti¬ 
mately efttsblislied, but it is to be hoped that it can be done before the 
game lias been decimated and the forests cut down or burned. 

Anther element in game protection is the relation of the Indian to 
the wild game. This problem is not os serious in Alaska as it is in 
parts of Rritisli Columbia and the Canadian Northwest, and ia set¬ 
tling Itself by the rapid dccllue of the Indian population. Indians, 
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after l!u\V halve !khmi in eantncl w hh white men, certainly lire extremely 
i]e>lnicLive tu unimal life. Ais Indian with a gim will sliciot at iiny- 
ihing he ssec^ until hk ajinuuniiion ifi Tliey Keeiii to lje entirely 

devniil ef ttny idea of econumj in ^IfiugUterin^, even Lhoiigh they 
know that they niv eertnin to tfulfer from Htjtfvatjoii ad a reeiiilt of 
their iiidiKcriininate waste of game. Any legislaLion, therefnixN that 
gives Indians privileges sin>erior to the w hites is isp>t based on sicieii' 
tide hnV on sentimental consideriitions. 

To exempt Indians from the liniiitition of game Iowa in n district 
partly inhabited by wiiite meiu Biiuply puts the white hnnier nt a 
diisinlvantage, and iilwjiya reniilta in a ctmtempt for the law' on the 
part of the Intter^ If an Indiati is uilowed to hunt fn^ely during the 
clo:^! season, he in ustially employnl hy whiter for nmrket huntings 
The game he hills finds its way to tlie white man's market nithi-r 
than to the tee|>ecs nf the triisc, or is use^l as food Ity tlic Indian'^ 
^hh the ultimate residt that the fond supply of the entire tritie 
is killed oif for the benefit of a few hunters. 

The Indians of Alaska have, in the [ilmndanee of salmon, a fowl 
f^upplv which ia avaihibh' throiiglimil the incwt of the district, and are 
consequently not entitled to any special privih-pijs. Alaska is. and for 
a long time should remain, the ward of the IVlcral (fovernrnent— 
however rti^^taslefnl such n course may Ijc to Boine of its inhabitants. 
It is pccnliarly the duty of the Fidenil f foveriiment to pivserve ainl 
control the wild game of this nalionul domain, hecaiise tite pi^iple of 
the Diiite<1 States as a whole are the ones mofil intcre,4teil in its preser* 
vtiLion. It ifi to Congn^ rather than to the residents of Ahi'^ka, that 
we mast hjok for the enactmeiil and enfort^cinent of suitable law-s, 
and tn avail of the great o]jportunity to pniserve our native fauna 
on ti inrge sciiks We no dmibt in tin? fiiUire shall restiin*^ gaiTU' and 
perhajis fore.sts to many districts mw strijqictl of IhiUij hot in Alaska 
we have our lii:4 chance to presserve and prtdcct mther than to restore. 

The ehiiiii made hy many we^ti-m ctnnmnnitiesi that Imuil state law s 
att=^ ^uflicienL is l>dng daily disprnveil by the inability of several 
StAtes to control the small gurne supply left within their own Iwrrlcrs. 
(Colorado is a iiohiblo example of the rapid diiuiniition of game under 
Ftale controh where feiiiule d<!er and fawns ore now Ixdng killed 
under the laws of the Stato. In Canada, flritish Coliindiia prides 
itself on the efticiency' of its game laws, but the game is rapidly vati- 
ishing theirs iilthough in the eastern portion of tJiat province it i» 
the Klotiey Icidians, rather than wliite hunters, who are the chief 
destrujersw 

Fn>ui the point of vieiv of game conditional, Alaska In llivide^l into 
two entirely diatiiiet regionsi. First the coast region. fr€>m Portland 
Cunai along the ba?** of the mountains northw'ard mad then westward 
to nnd including the Aleutian Islands, The seconil region eompri^ 
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tin; ItiK^rjor Ijeyond the mDiiiitein^^ nntl h eoextejisive with tli(» rei'ioii 
4.1 ruined by tbo Yitkuji iiii er unJ iU varioujs bniiiebes- 

Tlie iTtvuditioiiH in thesi- twy tlUTer widely, uiit] pmlk-jiUy 

;ill the E^jinrtj?iin-n wlm go to AliLska bunl in the I'y^iEiii. Thik^*^ 

wlfco iiitn the intefiyi- cire upl to I'lnifirie their s^hiHiitiii^ to the 

lieti4lwiiiet>t of the Vukoti in CBiuidian territory. 

The gin me on the co^i^st between Port hind Cimnl anil Mount St. 
Phisi^ eonsbtf; |irincipally of liear and the small Sitka deer. There 
i^ nil nbiitKiaiiee of gfiat on the niuinbnd clo!^ enough to salt water 
to be easily rene]Tied+ 

To n?-ach enrilKOit or fibeep from the s<nitbeits:tern coast re- 

quires u journey over the tuoimtoins into British Culumbliu wliidi 
!!> seldom attempted, ex<M!pt from Fort Wrangell ut the iiiouth of the 
Stikeen Eiver. 

West of the St. Elias Alps Jind around Cook Inlet the prineipnl 
gfiine unintab are the giiint nioof^ and white uheep of the Kcnai 
Peninsula, the carilwi and bear of the Alutika PeninJiub, and the 
Iwur c)f sonic of the large blaiidfi, notably Kodiak. It b in this djs> 
trivt that the game laws rofjuire dose attention und rigid enforcement* 

In Lhe viLst iiiLerior the strict enforcement of game laws Ls not 
so important* IxKausc tlie entire region draincfl by the Yukon b 
c'lpvered w ith hiuivy forests, mid the jKipulation is largely couftneti 
to the waterways^ 

Black bear, lynx* and mooee are everywhere abundant, but sddotii 
seen iJong the Yukon River* Sheep are iicoessibk from points on 
the up[>er Yukon, notably at Eagle, and caribou occasionally cross 
the river in herds. 

The game laws for titia district should aim principally at the 
prevention of slaughter on a large scale for market pnrpsises, and 
of hide and head bun ting- There are very few sporisnien, und the 
niinei^ ami prospectors in the interior are ililGcuit to controL 

—Wolves are ahunclant in Vancouver Island and through¬ 
out the interior. In the north, around the region drained by the 
Porcupine River, they assmue very large dimensions, some skins 
measuring nearly fp feet from nose to tip of tail; and a large per- 
twiitage of these wolvea are black. Coyotes have pushecl north fi'om 
the American tH>imdury as fur as White Horn, at the headwaters of 
the Yukon River* 

/"’najc#.—Red. cross, silver, and black foxes oeeur in the interior* 
The two hitter corumand enormoiin prices, in some eases as high 
a^ $1,000 for one skin. These animals are being killed off by the 
use of jtoison in the hands of white men, and many more are de- 
stroyed than nnv recovered* The natives are a fraid to use poison, 
owing If) several tragedies wliicb have occurred from its careless 
handling. 
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Along: the Artlic imd Hairing Sen cobs! whittr fose^ nbotind^ imtl 
blue fnxes fire fonnil from the mouth of the Yukon Riror south^vai^d, 
their trenter of aibiindnnce being Nelson Mnndt in Bering Sen, near 
the mouth of the Kuskokwim Hiver. 

Hear. —Be^ir are cxtrenieSy iibimdani in ^yaiiika, especial!}' on the 
Pacific coasL Tiicir grent tiutubera are probijbly due to the fart 
that they ha^e an iibimdant food supply in the gicat sch^iola of 
salmon that ascend tJw rivers. Before the arrival of the salmon^ 
these bcary like the gyisi^lies of our own RoekieSs ff?d on fipennophiles 
a^nd grass^ During the salmon season they are eas^ily found and 
killed by huntrrs, and as this occurs during the summer scaeinu their 
fur is of I trj^ little value. The pi‘rbd of the salmon run^ in fart tlie 
entire summerj should Iks madr a closed season for lieur lliroiighout 
this district» Owing to the receul decline in the price of bear skins 
these splendid animnls have l^oen hunted niliter le^is lhaii fonuerly. 

The black bear occur in Vnneouver and Queen ChnrLotte iskncls. 
but^ as far a.4 I kuow^ do not occur in uiiy of tlie large isl^inds norilv 
They are* however, found along the mainitind of the i^Jiilhoastern 
coast* Find found evertrwhere througliout the interior in the limlM^rtai 
iTgion* Tbe blue or glacier bear is found nsi^Jy around the glaciers 
of the Mount St. Elias regioin 

GriazJies occur in considerable iruiiibers along the mainland of the 
coast as far north as Skagway* and are found in relatively small 
numbers throughout the interior. There are very few griz^Jy l>enr 
on I he Seward Peninsula, nud I was unable to get any skulls or to 
obtain any definite data concerning tliuiit, Tliis bear may prove an 
inleresiing type if a siiffieicnt sserios of specimens could be obtained* 

Then' is a huge bear found cut the large islands around Jutieau imd 
Sitka which has been iles^crilicd «« a separate species^ and its numbers 
arc indicated by the fact that lilwiit 75 aniniak, the majority being 
of this sp«H:ies, arc killed anriually around JunGou, 

Tlie brown lienr group extends from this point wei^twanl along the 
south coast of Ala>ika* out inio the Alaska Peninsula. Several s[>i?cies 
have l>ecti descrilK^d, bui they can all be safely grouped together under 
the common designation of Alaska brown Ijcar* They extend far up 
the Copper River, but I cf>uld not obtain any definite record of the 
oerurrence of meml)ers of this grejup north of the tnountaiu region 
and in the area drained by the Yukon. 

Pidur tiear occur finite abundantly north of Bering Stniils* Occa¬ 
sionally they are found on the Seward Periliijiula, and occur os far 
youth as St. Matthew’ Island* in the middle of Bering 'Sm. 

Caribou .—Caribou of several Kpecies are found more or less numer¬ 
ously throughout Alaska, and cK?cnr in herds around the upper 
Yukon, with lottalities of cspeidal abundance, such as the heod 
of Forty Mile River, An exonuimtiun of the antkre found at 
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varEous points^ from the upi>cr Yuk<in Kiv^er to the sea^ would indi- 
tTiie an almost complete titniisitJon of antler type jProm the wood- 
liitiJ (Qsl*om) caribou, to the barren ground (Grant) caribou. A 
further srtiidy of tlie caribou of this region will iiUimately lead to ji 
merging of the varioug species. The work of Charles Sheldtiru who 
is now studysheep in the Mount McKinley dislrkt^ has broken 
down the specilie dj.stinctinn of tlie sheep in Alaskn in the satiie wny^ 

Tlial caribou were fonnerly very abundant on tljc Seward Peuin- 
Htiln is proved by the ahuudarKU? of bleached skulls and cast antlers, 
iipparently tihoiit SO or Sfi years olih The cause of their disappear¬ 
ance is as yet an uiu^lvi^l problem. The possession of lirearma by the 
natives, first obtained from whalers, is by some considered as the caust% 
and Uy othci^ epideniic^ The natives themselves claim that about a 
gencrulion ago the winter cold continued tlmmghout \m enlirp Year, 
an<l all the caribou perished in consequence. All thi^ explutuUions 
leave much to be clesiredi. as theie is an abundance of caribou in the 
wooded district at the eastern end of the pcnini^ula, nod Uie explana¬ 
tion of tlie fact that in the coui'se of all these years the carjbun have 
not wanderer! hack to Lheir old feetling groiiiMls remains a mystery. 
A few scattered itidividuak at the very Tmjst are eiII that Iiave been 
seen aince the founding of Nome* we van or eight years ago. 

Domestic reindeer have been iutrodueed into Alaska successfully, 
iind form a vakmhle resource for the natives. 1* however, i^aiv nothitig 
of them l>cyond the fact that their meat forms a part of the menu iti 
the various? lestaurants at Xome- 

Afoo»t \—Aloose occur everywhere throughout Alaska w'lthin the 
timbered regiont but seldom leave the shelter of the woods. They 
extend close to the AriTiic Ocean in the north, and occasioiially ivander 
far out on I he Ala>fka Peninsula. The giant moose oL^-ars on die 
Keziai Penin.-^ula, hut it is prebaldc that this animal is only an oiitly- 
ing member of the type apecifs^j. which in that district, fur some un¬ 
known reason, produces antlers of extraonlinary kim and complexity- 
A few instances of mooi^u with antlers of great aiKc eltp known in the 
interior, but H is ei matter of doubt whether or not in bodily size the 
Kcnai Peiiiiisiila nioosc excels that of his kin in the interior or in the 
Yukon territory. 

J/tmntiiiH sheep.—Sh^p occur everj^wrhere in the mountain regions 
tbronghoiiL Alaska, I wing especially abundant in the country amund 
the uppcT Yukon mid around AEouiit McKinley, extending thence as 
far bouth and west as die Kcnai Peuin^^ula. They alsci occur on the 
upper PoiT:upme River, hut the great Yukon Valley in its lower 
reaches is without sheep. 

Afountai/i —(toat occur throughout the inatnland from the 

American boundary north, but are never fecund, as far m I know\ 
on any of the islands lying close uloug the coast in southeastern 
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AJAskii. Iti size uml fthiimlfliice tlip moiiiitniii npppurs to ciilnii- 

nnte in the reg:ion nroiincl llit^ Itoiiiie where they rtnt 

very abt]xii.hi]it+ I'hey cnn btill lje st^n witliiti ii hulf ihiy niiivth 
of Skag\vdy+ They ocCUi" in iilntntlanev {iit)iini.1 tlie SL Eliiis Alps^ 
am] tixtend as fai' as the lieaJ of Cucik Inlets T only lieaid 

of one dnubl of Kennedy's ihv luTiis of wUkli have 

been described as lyrate. 

iVfihuJt attd whiihit.—Walrm ai'^ found evci^" winter and spring 
in the Ifcrirg Sea^ and ninny are killed itt tinit season by the natives 
for the ivnry, which $eIJs at a dollar it pound. Tlie walrus fornierly 
extended down to the Alaska Peninsula and Aloiitian Islands, but 
the riMikeries there have been destroyed. Tlib grtyit mammal should 
twelve Ltbwolute pioteelion in the entire Ilering Sea rt?gion, ext-epi on 
tile IVilnlof Islands^ where only a few aiv antiuuUy killed by the 
natives. 

Whales and poriMiises occur in great abundance along tJie inside 
passage iH-tw^een Ihiget Sound ami Lyim Canul and are interesting 
and harmleta. There are now two plants cm Vancouver Island very 
[U'olitiiblv engaged in killing whale of all wizes and convertitig them 
into fertilixor* A new plant has just been established near JuncaiK 
wliere whales an? esriTecially abundant. It would be an easj- matter 
to protect these animals. espc<dally with the coojwration of tlie 
Cuiiadian aulhoritiesj tliroiagUout the iidniid passages and ocean- 
wort] as far as tho U-milo limit. Protective legishdion of this sort 
should l>e urged. 

—To any review^ of the present game conditiori^? of the vast 
territ<iry ecHiiprmHi within the dbtricl of Alaska nnd tl^c Canadian 
territory of tlio Yukon, n few remnrkii on the former occurrctice of 
red steal forms are not w'ithoiit interi^t. 

Honeys of large extinct manunals, more or less hiSHiltjied, occur in 
II bill Lila Ilia! ilm:iiighoiLt tlie entire valley drained, by the Yukon Kivcr 
from Dawson down, and in the valleys of the CoIvdJc null Poi cupino 
rivers, and in still greater abiimlmKre on tlic Seivaid Peninsula, tliat 
jmjjection of Alaska which rcac^H^ to ivitliin IKJ inik« of Siltcriti, 
Tlimtighoiit this enormous ami nunains of the Tnammoth and hiHon 
th'tur in such mimbti-s as tn indicate fonuer herds of gi^at size. We 
lind at?^> a smaller number nf nmiains of honsi'i^, aheept ^ 
two species of musk ox, together w ith n deer doj^cly rclatwl to our 
wapiti. Teeth of mastixlon, iiUhough very rare as comparctl with 
tho!^ of the miiinmoth, indicate the former existen^u of that animiih 
It is perfectly evident tliai in times comparatively recent, from ix 
geological point of view\ perhaps fnjiu ten to tiventy-five thonsiind 
years ago, .\laska had a faiinu of large maiumnlH not nUogethcr dis¬ 
similar tn existing animals of Nortli Anicrica^ mul northern 
The uiastoduti and mammoth^ of course^ no longer exisd. on Uiia con- 
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tinent. but the lutter is little more (bun ft liaity relative of the ln<liap 
elephmit, thoroughly fitted to meet lioreol t-ondhioiis, siid the honsw 
ill xVlosku were probftbly Pot unlike the wild Pricvulsky horses of 

Asittto-duy. , . jL 

The aneierit Alaskan deer were prcihflbly relfthjd to tbo wapitt, 
which swamipd over our AiiieriCiiP plains within the meinorv <i 
living man, and the fossil rcuiuins of earibott and moose do not 
Indknte any great departure from the living forms of those animals. 

Sheep still occur uhuiidantly in Alaska, and the musk ox, while 
no longer found in Alaska, Inhabits the ho leas inhospitoble regions 
of the Barren Grounds of Korth America and the Imid masses lying 
i,till farther north. 

Bison skulls are quite common, and indicate an miijiial much 
larger, but probably Hiicestnil to our living buffalo. The history 
of tlic American bison, which migratwi in summer as far north 
ns the SaskntdiGwnn nnd southward in winter to the Mexican ^rder, 
suggests that Ji is quite possible that thtswj animnls did not habitually 
spend the winter in Alaska, but on the approach of the cold season 
riiigrated southward to warmer climates, or crossed into Siberia «n 
the former land connection over what are now Bering Straits, If 
this h^'pothesis be eorrect, the climate of Alaska during the Bluisfo" 
cene and recent periods may not have radically differed from the 
climate of (o-day. 

The exlcnsion of placer mining in Alaska, when conductocl in 
a niore j^'stcinatic manner than at present, will undoubtedly bring 
to light other forms of large mominak, most prohiibly types relatin] 
to those already mentioned, together with the remains of carnivorous 
tyT«A 
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By Grart YnSo CnSveratty- 


I KTPftDDCnONi^ 

Every ten years our Govemnient takes a census. Tliis happens tn 

bo the year in which it is douo. It is also good policy for a science, 
especially if it is a relatively new one, to take a periodical account of 
stock, ilie science of prehistoric anthropology iwed have no fear of 
iho satisfactory outcome of such a teat at this time. I have been 
asked to be the census taker for the European field, and consider 
myself fortontite, not only in the field, but also in the period to be 
covered. Nowhere else has the prehistoric, the whole problem of 
mun^s untitioity, l)een studied with such thoroughness unci with such 
happy rcfiiilta. Of the nearly one hundred years since prehistoric 
archeologv' began to take shape and to grow into what is now becom¬ 
ing a real science, no decade has shown a more satis factory record 
tliaii the one just closed. To its achievements the present paper is 
devoted. 

How are we to measure the growth of the decode in question! The 
correct leaiiU requires a knowledge not only of what b now known 
but also of what was known in IDOO. The annual output in the way 
of publications is one of the best gauges of activity, of the rate of 
progress in a gpvcn subject. Ten 3 '™rs a^ the prehistoric output 
was well provided for in the journals dealing with anthropology in 
general, in the proceedings of periodica! congresaws, the tramsoctions 
of local societies, and occasional stjecial publications, These channels 
continue to be utilized in increasing ratio, which ordinarily would 
meet the requirements of a healthy, steady growth. But they liave 
not sufficed. New and more highly specialised journals have sprung 
into existence, new prehistoric societies and congresses have been 
organized, and special publications financeil. At this moment I do 
not recall a single purely prehistoric European journal of Importance 

G3t 
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hnck tg ISKX), Of Uio^ foundiNl since then, there shouhl lie 
tiientioncil; L Hntirme Prdhjstorique u inonthly foiinilec] in 

ia03; La lievue Pi-ebistorique (Paris), a monthly foujirlcd in IDOfl; 
IVaehistftriischc Zt'itschrift (Berliti), foundeil 'in IW; Aliiritnis, 
Zeitschrlfi fur Vorge^eliiehte, Organ der Deiitsc-hcji Cfesellseliaft fijr 
Vorgffli-hichte (Wfiriiburg), foundeil Ui ItHKi. In Dewinlwr, IJHKi, 
the Sofitltf Pri'hiatgrique ije I'ratsfic was foundiil, It piiblUhes a 
Jtigtilhiy bulletint also in ]!>06 a handbook appoaretl. iManuel dc 
iieichereh(H+ Pr^Listoriques. ariri since 11K)e has held a congress annu* * 
iilly, each coniplc rendu of which forms n large volnme of iilmtit a 
thousand jaiges. 

In addition to tlicso new diHiinels, tiiero shtiuld be ineiitiotied 
certain special pablications made possible through the generoHJlv of 
putruns of the science, either private individuals or leamcd societies. 
One of these, the joint work of de Villciieuve, Verueiiu, and Boule, 
and entitled Lfs Gregtes de OrimaJdi* (Baousse-Rouss^),'' was due 
to the initiative of Prince Allied 1. of Monaco. The latter is at 
present pronioting n new and important project, which might \» 
styled a paleolithic survey of northern Sjmin. The work is In 
charge of a committee consisting of Tlcrmilio Alcalde del Rio, P. 
Ijorenzo ^'ierra, AliW rtenri nieiiil, Abbe Jean Bonyssi'iiiie, and Dr. 
Hugo Oberrnaier. The reimrt of last summer’s cumpnigu * is highly 
gratifying aiiil givi-s assurance of another puhnentioii worthy to 
rank with that on tlio aivems of Grimaldi. The Academie dcs In- 
script ion^ et Helioa-I^^ltres has also become n fmtnm of prebistorie 
arebwilogy, geiieronsly suppiirting from its funds the joint explora- 
lioiLs of French caverns by Cartailbac nnd Biiinil. 

This niruli incrensed literary output presupposes a corresponding 
activity m the field, the museum, anti the study, A rcconl of tho 

eNploriUlons in the field nione would far surpa® the limits of this 

pafMr. The results have Ijceii so comprehensive, so cumuJfltive in 
their effect, that only the alert have lieen able to keep pace with the 
propiess. It has been a ]icriod of intensive stud;- as well as of gnii' 
eniliKiition. The careful scientific explonitiou of new stations has 

led to a revision of old data and often the re-oxploration of old 

localities, 

li.-t of the more notable achievements would include fuicb iicm,s 
as Rutot’s contributions to our knowledge of a pre-Cbellean indiuf- 
trv; those of Penck relating to man and the glacial period; the dis¬ 
covery of ptileolithlc human remains at Krapina,'' Mauer (near Hei- 

■Twvt ijiiarto mTamefl, .Mnrrteo. 11)00. 

• H. fJlMTOiBli t. (>pf diliivlak- Mpnwb la (h r Urotlni!; SjintiimhT i N|.n[ileii). 
rrvLL'hlfiloriR’]i(> v<i|. 1. ISI, liMl. 

‘'StatluL djHTOveiwi 111 iSJXi, but not euhllaloiit wniiirvliLnalvfly tll( luou. 
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doibcrg). Lo iloustier. Iji Chii[w]|p-iiiix-Suints, Conilje-CafH'llp. liP 
I’och <]e TAxe, aod Ferrassie; the of lircnii, Ciirl!ii!1ini% 

Ctipituii oLhei'» relating to jnileolilhk* * tiuiml paiutingH and en- 
grttvings; Commoiit'!! nwent explotutiofiK at the classic station of 
^aint'Acheii]! those of Marlin and Giroux at La Quinn; the re- 
sen reliofi of SKotnbfilhy, llocnips, and Ota-niinier in Aiistria-TTnn- 
garv, those of R, Ei. SdnniiU * atitl of Wiegero in Germany, anil of 
Raeliler in SwiluerhimL Menlion has iilrocidy Iwon niailu of the 
ivork done in tlie caverns of Griniiildi anti Uint lK‘gnn in rtortherii 
Spain, l»olh under the generous [uitmiinge of the Prince of hlonnco. 

To enutiierate all the important slntionH recently dis<>ovcrL'd, even 
of the pnlco)ilhic perifxl iitoue, wniiUl retpiire more space ihun is nt 
iity disposal here. Tliere is therefore need of limiting this study 
clironologirally as n’ell us gcogra[)iikniIly. Kixeepting the l>are men¬ 
tion of fjuile recent pfileoUthic discoveries by S. J. Cstanioivski * in 
the cnveins of Hiiissiaii Polund. the countries to be iiiclmled arc 
Fraiu* imd Belgium in the center, with Hwitzerland and parts of 
Germany and AiistrLa-Iliingary on llie east, and Spain to the south. 
Wo sliall not even cross the channel, aa we might well do, for paleo- 
Uthieully England lias tiiudi in i^immon with France and Belgium, 
und English students of the period in question have by no means 
beeji idle of late. 

The time element must also lie mlticed. Tin* original table of 
relfltivo chronology providetl for aii nge of stone, of bronsw, and of 
iron. For tlie prtsiient Jet us ignore the last two. Tliiw lenves the 
stone age, at first, applied to the neolitliii: only, then divided into 
jatleolithk and neolithic, and finally into eolithie. paleolithic, nnd 
neolithic. It is a case of the first being lnj*t and the last fin^t in 
more aeiises than one, for during the past diiTado there have develot>ed 
what may well be styled an eolithie school ns well as a paleolithic 
scliooL Students of the neolithic on the other hand, while particu¬ 
larly active, must still await a more favorable moment for com.'liition, 
for crj^atallization of ilnta. By coinumii consent, then, we shall elim¬ 
inate the neolitliic from the prvst'iit discussion, with only u piissiog 
rt'ferenee to its pbi(,ic and divisions in the table of relative chronology. 

As for the eolithie schcHil, I endenvored five years ago to sum up 
its work in a paper entitled ‘"The Eolithie Proldcm,”® Since then 
iIIvestigntions Imvc Ix^n carrieil on almost coiitimioiialy. Attemjua 
wen* made to explain away the origin of eoliths by the invix^ntion 
of flint mills as farlorics fur their ivhnli'snlc prodiietiim. hut tnidi 

« B, van KokcO nntl It, It. .^Tknililt Imve In orf>[wrntloii a liiree wnrlt |o Ue 
nilitti " lUo imlUalltlilH'heii KiUtumriitea IMitselilrinilH/' 

* ['■ilenllt nil Ehflczu iJory nLiiLn 1 ZHW«k[eJ. Kincimm, tnl. :tl. [ji<iiiIil>ii’, lUOtt, 
vAonjrU'uii AiitLn>]wlo(;1i!t. a. a, vd|. T. 423-1711.1005. 
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jiUenipt.s tn have i^ndi'd in fsnluru* This sobji'Lt \\t\^ 
in my vice-presi dentin I nddress^ before section H of the Americnn 
jlfiscieiation for the Advaric^ement of Scieniw nt the Xt>w York meeting 
in lIKKS. The recent Jbscoveries gf eoUtlis on the plulenn of Hjiiiles- 
Fflgnes and at Boncelles, neiir Ijiegej hy de Mutiek nnd Rutt^t, Imvc 
Jin imp^>rtnnt liciiring on this nholg subjet^t. Al Buncellcs euliths 
are said to Lx> found in niJidisliirbed middle Oligocena depoeiitni^ wliidi 
b the lowe?:t lioriaon jet recorded for tlieui. 

TliP fact tbfit tite Tasmanians when they lic-cjime extiiicE in iSTH 
werii still in a eultnre stage corresputidbig to the eidithic has done 
much to strengthen the thesis of that school. In this connection 
shiadd lie mentioned the discovery by h'niiiK de Zidtner in llaiito 
Senegal of a qnito recent industry with oolitbic facies. Kidot also 
iind.s in Bel gill 111 that a neolithic epochs Lo wiiieli he Jins given the 
name Flenusian.,^ is ehanicterized by a simihir industry. 

Eut eoliths were introduced here only to be retirwl from the sLage 
in order that in ore space might be given to tlie doings of the paleo¬ 
lithic-school. 1 can not dismiss theiu^ baivever^ withonl first referring 
to \"erwurii's^ rule of the one-sidetl marginal working of a flake 
or chip. No single chamder is a siiflicient basis for dcidnring that a 
given stone object is or is not an nrtifncL Each specimen should l>i3' 
subjectci^t to n systematic diagnt^iSj m is a case of fever* for examjile^ 
by u physician* W^worn. In observing a mimhcr of paleo¬ 
lithic or nerdithic sca-npers Uiat ore made from flakes which arc 
retouched on one side only, one finds that the direction from wUidi 
the retouching took place is almost, always oriented in the same 
maiiticr with respecl to the sides of tlio flake* If one calls llie under 
or buflj side of the flake the front and the outer side the back, one 
sees that the blows or the pressure which prodneed tlie marginal 
w'orking was executed almost always from the front toward the back* 
that the tiny scars left by the chipping begin at the margin und 
extend over the Ijack* Tho chipping is therefore visible only from tbe 
Ika-k: only in rare cases does one find the opposite orientation of tlio 
chipping, 

WlmX is tlw meaning of tliis? Tfierc is too mueb iiictliod in it to 
be the ivniiU of diEmce. Tliore is even more than mere method* By 
follow ing the rule as exjir&s^ in figure 1 a^\ we arrive jii a tool 
that is utili^nlile* The edge procUiced by the chipping is straight, as 
seen in figure i c. On the other hand, if the opposite method of chip¬ 
ping is followed we arrive at a meandering irregular edge-line that is 
goTKl for nothing from a practicnl standpoint (fig. 2 e). In rare 
instances the hack of the flake may be more regular than the front. 

■ Sfiiiic |iliJiHi*p Ilf prelitfftoric iitcIil'oIu^. Ptoc^ Am. Asa Adv, Hd., vol. Trftp 
mTi. 

“■Max Vcnvonir Objective KrOerliiai fUr flic KeiirlcIHiJiji ilcf ^tillulfllkt' 
iwtar Fciiemclrkc. Zelu fdr E^lbnoL, vol. 40, Ii4^ l£lO!k 
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In Ibat (iasifl the chipping is done from the back townrJ the front, m 
one might h fuel which strcngthetiH the theory that tho chip¬ 

ping is intentioiifl! and not accidental. 



« « Et 


FttJ. 1.—Flint Dakn with Otatfliift] ehlijvplqjf that fotlfmv liie rulf, tli, dua^ 

from the fxtut tawanl Ihe boiek, thtu iftonrinit Bd idae ererj pftlcil df «rli.!cb tn thd 
iMiae pIlBEie; tAi ClU fmtk, Ermkfiiiff towaitl iht 

Profflssor VtTworn injide a tabulation to show the percentage of 
specimens that follow the rule and of tlic^ that do not. He choae 



Fin. 3.—Flthl flake wUti mnrkiiul f-ki|ipld« ntipcwl fc rhe rnte, rtfc dene frnni 

tke baek tdirnfd Ih^ franii. tki^i prxplilcitia ik Ircwiiflr cdi^ ttmt li prActlfAlly tiid- 
Je^; frobt, tbl buck. It^lnc l<?wutl Xb^t After Verwefn* 3Se|t f, cth, 

Vet AO, p. WMi, JOOje. 

two ^ries universally recognized ns artifnrt^,^ comparing them with 
each other* ami later with a series of eoliths from Piiy-de-Boiidieu 
(Cantal). Hift results follow: 
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Tilts table is as eloquent ns figuress alone e#n Ije. e »*■<' forced to 
tke conclusion that the general mle of one-sitlpil itiarginul eliippingt 
beginning at the edge and extending over the Ijack, is the expression 
of a distinct definite purpose- ^^'e know the reason for it. namely, 
ntilily. Xatiiral agencies are not moved l»y any such definite piir- 
poN,\ Thus, when we find flint flakes, no matter where, that poss^ 
a bulb of percussion; when, further, tliese tlakes show series of chip- 
jiings alt on one side, anil when 9^ per cent of the specimens are 
cliip}>ed according to tlio rule laid down, we can not then escu|ie the 
conclusion that the pieces in question are artifacts. Among tlie 
eolithic industries at present known, there are only two where the 
bulb of pereussioti is at all common. Tlie first is the CaiitaUan of 
upper Miocene agf!, the second is at the top of the eolithic scries, the 
80 ‘called Jfesi inian at the summit of the lower Quaternary'. 

Before definitely lopping off the first and third divisions of the 
stone age, it would be w ell to note their position and relative weight in 
the chronological scale. A table of cl a s«i filiation in baniiony witli the 
teachings of both Rntot and Penck is reprotliicetl in plate 1. It will 
he «een that the eolithic probably Iwgins with tlu^ middle tlligoccne.* 
reappears in the Miocene and Pliocene, and iscnrrieil up ihron^i the 
lower Quale Ml ary. The pnleolithic, onee considered as commensurate 
with th(» whole of tho Quaternary, is Tif»w limited to its middle and 
upper borixons. The nt^olithic is confined to post‘Qua tomaiy* times. 

Tlie contrihiitions to our knowledge of the palcolitliic during the 
decade in question may for convenience be groniicil niider three 
heads: (1) Those relating to finds in valley deposits; (21 cavern 
exploratiMis. and (3) the discoveries of human skeletal remains. As 
examples of the firrit group, I have chosen the rcseflirhcs of Commont 
at Saint-Achewl (Franre) and of fizombnthy, llocmes, and Oher- 
maicr at WUlendorf (Austria-Hungary). 

VALLEY 

'File housing and transporting required by iiualem civilization 
have KhI to the discovery of the culture levels attained by our 
paleolithic for^licars. At Samt-Achcul the deposits of the Somme 
Valley have lieen exploited since 1771 at least. They yield not only 
material f<ir building purposes, but also sand for foundries and Hint 
for rt>ftd metal. The first discovery of a paleolithic industry at 
Saint-Achoul was made hy iJwtor Rigollot in 1654, following on and 
Inspired by Btmcher de Perthes’s discoveries at AblieviUe. Then came 
Gaudrj'. Preslwicli, and Evans, all now dead. Explorations at Saint' 
Acheiii have Ix-eii carried on for the past twenty-five years hy d’Ary. 
The most active investigator on the ground nt present is V. Commont, 
whose iWBteinatic work there covers a period of nearly ten years. 


‘ Tlio writer sjirat a <lnr at Brnwellre Imt fatlwl la nnO an ecuUtli. 
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This luiile is US chupu'iit us figures ulomt can Iw^. W e are foiwrl to 
the conclusion that the general rule of oiie-siided marginal chipping, 
beginning at the edge anej extending over the back, is the expression 
of tt distinct definite purpose. TVe know the reason for it. namely, 
utility. Xaturnl agencies are not moved by an}' such definite pnr’ 
pose. Tims, when wc find flint flakes, no matter where, ihnt possess 
a bulb of percussion; when, further, these flukes show series of chip- 
pings all on out) side, and when tt5 per cent of the specimens are 
dnpjted according to the rule laid down, wi* can not I hen escatm the 
conclusion that the j^ieees in cjiiestion are* artifacts. Ainring the 
colilhlo industries nt present known, tliere are only two where the 
bulb of percussion is at nil common. The first is the Cantalinn of 
upper Miocene age, the se.coiul is at the top of the eolithic serlc.*^, the 
BO'called Mesvinian at the summit of the lower Quaternary'. 

Iteforc definitely lopping off the first and third divisions of the 
Slone flge, it would be well to note their position and reliitivc weight m 
the chronological scale. A tsdjle of ckssifiiration in hiirmcmy with the 
teachings of both Rtitot and Penck is re’prmlnced in jduta 1, It will 
Ih* seen that the cvdilhic probably hegin.s with tin* middle f>ligni»ne,* 
reappears in the Miocene niul Pliocene, arnl is carried wp lUrough the 
lower Quaternary. The pal coll I hie, once considered ns com ineiisu rate 
with ibe whole of the Quaternary, is now limited to its middle and 
upper horbous, Tlic neolithic is confined to fKist-Quateruai'y times. 

Tlte contribiitions to our knowledge of the pnlcolilhic during the 
decade in question may for cotiveidencc lie gronpl'd under three 
heads; (I) Those relating to finds in valley deposits; (2) eaveni 
cxploratiortf, and (3) the discoveries of human skeletal remains. As 
examples of the first group, I have chosen tho researches of Commont 
ut Saint'Aoheiil (France) and of Szonibathy, Hocriujs, and Ober* 
maier at Willendorf (Ausirm*Hungary), 

V,\LIJeV DEPOSITS, 

The housing and transporting required by modern civilj 2 !ation 
have led to the discovery of the cnlture levels attained by our 
paleolithic forebears. At Saint-Achcul the deposits of the Somnio 
Valley have been cxploiteil since 1771 at least, Tliey yield not only 
material for building ptirposes, but also saud for foundries aud Hi fit 
for road nietnl. The first discovery of a paleoUibic industry at 
Saint-Acheul was made by Doctor Rigollot in 1854, following on and 
i nspired by Boudier dc Perthes’s discove rtes at Al ibevil le. Tlien^came 
fimidry. Prestwicb, and Evans, all now dead. Explorations at Saint- 
Acbeiil have been carried on for the post twenty-five years by d\V<;y. 
The most octive investigator on the ground at pre?s>ent is V, Commont, 
whose systematic work there covers a period of nearly ten years. 


•The wTlrer siaint n iJnv at tloncellwi but fnlled m fltwl an eoUtli. 
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(Vniifiiiint Ims m^eritly niailo two important difWTJVPrtf^: ( I) A 
vory prodiu'livij ^^tiiUon at me Coiiny, nnri (2) an ancient pitleoliLbir; 
workEJvop at the bn^a of I lie Tell ier pnivel-pit* In i^-KWi an esrftv:i- 
tiori for a fa»aory t^ite was niEido ncair the first pits that prorliiceil w 
many Cliellean and AeheuHaii inipUmieiits for the early explorers. 
It irovereil iitt iirCft of 30 liy 5a mrUns, Here (^ommoiit found in 
three months’ time iWKJ imydelnenls of the Chelleati aiul Adheiitiun 
types and 500 varioits objerti. ?iich as Hakes, tiudeij and sniiiH inipte- 
nients, made fmm chip^i. It is inclml rare tluit so many sj>eeiineiLs 
lijive been found in valley de|Misils wvering sudi a small area- 

III the ^l’o^kshop near the Ijase of lUe TelHer graveUpit, C<minioiit 
fiiund (1) many flird nodules prepared for chipping fddntnge) and 
showing traces of the loginning of chipidng^ (2) u quaniily of 
flint cores (nuclei) nf all diniensiiins. (3) Immmerstones of various 
foniii^ for the most purl only slightly nsetl, (4) 5^000 flint i^hips^ 
(5) large flakes prepared for the prfiduction of special typos of 
implements, 0\\ small iinjdrnn?nls derivitl from the large flakes, 
and (7) large implements of various foruiH^stime only partly firiislied 
ur broken in the pnieess of rnanufailure. The patina of the flints 
nf this workshop is a white mat, ditfeTtmt fn:>m that of the AcheuHan 
alwve. At the lop of the R«mt‘ deposit that eoveied the workshop* 
Coiniiioiil found ii serle-s of implenirnts wlthmit piitiniu made of 
iilack (flint 1 or grey flintt that hajked as fresh uk if they had Iwn 
made yestei'^ljiv. The fauna of this dejjosit includes /^l^:plnis imiiquu.% 
large horse, 

SwUion of the Tellier quarry: (1) Lower sands and gravels, mde 
indufttry^ eolithie and Slr^pyau faciei; (2) red sanils* paleolithic 
worksJiop showing transitioti from Chellniii to AeheuliRn 1; (3) 
upper part of limon rouge (redt-hiy), Acheulian II with white patina; 
(4) thin layer of white samis (liase of ergeron) roplaring die usual 
flinty layer (cailloiitis), IMnus^terian industry, and small AchenliEin 
implements witli bluish patina; (5) lower part of bidck earth, ilng- 
daleniau iiKlustrv: (b) at the top of the brick eartln neolithic. 

The dejKislts of the Tellier pit iiro 10 meters thick, their Ixise 
Ifcing alniut 44 iiietei^ almve sea level, llie section is the must 
coniplete ami insiruetive onp at Saint-Arheiih especially in respeci 
to the iiptwr layers, in these even Hurpa.^ing the famous section at 
the exploitlition ITciiiu near fipienries, Belgium. In fact, each sec¬ 
tion not only con firms* buE also ^upplemeiit-s the stoi^* told by the 
other. In eachy all the Quaternary epochs e.xecpt the Brabantian are 
representeil. A section nf one w iU suflice diereforo for lH:}th. 1 have 
cliosen for illustration (lig, 3) the etploitaiion Ileliri explored bv 
liutot in 1S>02. In the Hdin section tlie lower Quaternary is repre^ 
i^nteil by two distinct eolithie horiKons^the Maflleaii and Mesvmian. 
Alxjvc these eomp the pnle^jlithic horLzon& in regular order^— 
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Slrepysn, Chcllean, uiid Achuelian I. But tlie deposits In which 
<uie liiight expect to find the Mousterian. Aiirignacianj Solutrfan, 
nnd MugJaleniaii are eithei- aterile or In the Tellicr section 

lit Saint Achucl, we find not only the eolithSc, Strfpyan^ Cbellean, 
and Acheulian I indiLstries in regulnr section, but also AchculiBn II, 
ihuifitL'i-ian, nnd Magdnlenjan in stratigraphic position, the only 
indiifiiries iihsent being the Aurignacian and Solntrihin. 

Foilunately for the science, otlier valley deposits supply the in¬ 
dustries that are niissing frotn Helln and Saint-Acheul. Among the 
piileotkhic stations of lower Austria, those situatoti in the loess ut 
Willendorf, left bank of the Danube, about 20 kilometers abtive 
Krems, are exceedingly productive. Until 100® only two stations 

FUbIt l»Irt (rAlDoDtlii^ wllh XMlUatc la- 
diuliT' 


Flini^ lAjfir witkoni ludnsfl^- 

Imymr with Atllrt|.li#n Induilfy. 

KILoily ]jiy«r wUlk Ckcllntd Itidmlrjr. 
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TriMklJlff Cflfter Riitdl), 

wen' known, tlie GroriHOii'^tein brick ^vorka to iho south and the Ebner 
Iiridc works riorili of the vUlRgo. Recently ilw. opening of a railroad 
from Krt^nifi to Greiii unrnvertHl seven inorr statloiiH in the vicinity 
of Willrndorf. Onti of in near the (rrossenstrin brick workf^^ a 
seciitulf cX|slorial iu l£M}8 by IL Obcrinabr and J* Bnycr, 
tn Iw the continuation of the Ebner station. This second siatjon is at 
presCTii the iirnst important of all. Here nine imposed cm It ii re 

layers werr- flctemmefb The Irkes^s dej>osit& at this station arc about 
IS to 20 incicr& thick. 

The culture horizons arc situated from a to 8 metei-H below the 
isurface. They are recognis&ed by a brownish color and the prt^nca 
f if eharcoiil as opposed to the lig'hl yellow color of the reid of the loe^. 
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Each InyuF varie^i in tliH'briess from 10 centimeters to {iO or 40 eenti- 
la f^tion the thicker parts appear like nests and are marked 
by llie presence of heurLlis, About these hearths are found bones onti 
stone implements in large numbers: These artifacts and liones are ncii 
confined to the culture layers only* but here and there CMStiir in the 
alternating layers. Seven meters Mnw the lowest culture layer^ and 
nboul 3 meter££ above loeoa bottom^ there were found a honistone 
chip with traces of utilizatiun (possibly an eolith) and a fragnienti of 
bone. 

The lowest (first) culture-bearing layer Is eharacteriKod by a very 
crude industry made of iimterials net iitili^jetl in tlej upper layoro, 
('harcoul and a few bone fragments also occur, Fauna t Reindeer luid 
bison. 

Second layer: Vuricticft of quartz and Jasper; also Danube River 
stone used as hamnier-iilonL'^ u pmr quality of flint, and incomplete 
examples of the lower Aurigiiacittn t7x>e- Fauna; Reindeer, bison, 
wolf* 

Third layer: Industry similar to that of second layer in rDS|>cet to 
forms as well as the kinds of materials used^ clmracterizei! by the 
appearstice of the kcel-shaijcd scraper. 

Fourth layer: AbuiitlaJice of small kechshaped scrapers^ whitLsh- 
gray patinated homstone; bone iioints, both blunt and :^iiarp: ii st.ag 
antler with end hollowed out for msertion of a stone inipleinent. 
Fauna: Mammoth, rLdiidrcr, stag. 

Fifth layer: Rich in welUfasbioned hornslono implements. Es¬ 
pecially noteworthy are the homstone points (a tranehant robattu). 
Fauna: Manimotb, reindeer^ s?tag* 

Sixth, seventh, and eighth layers: ITomstooc points (a tranehant 
rnbattu)^ In the seventh layer an Aurjgnacian bone point with deft 
hnsc^ Appearance of the forerunncFS of the Solutr^an laiirel-lcaf 
j>Dint, pieced of reindeer horn that serviKl os haftings for stone imple¬ 
ments, Fauna: M^ituinoth, liorse, reindeer, cove lion^ wolf, 

Ninth layer: Rich and beautiful atone induj^try of the upper 
Aurignacian types. Toints with lateral notch at the base. The most 
important piece of all was a female statuette of idone—the si>‘called 
Venus of Willendorf (pi, 2. fig, a)* The piece was found in the 
yellow loess 25 centimeters t>e]ow a charcoal straium helongifig to the 
ninth layer and near a hearth of this layer. Szomhathy, Bayer, and 
r}bermater were all present when the dLscovery was made. The 
figure is 11 centimeters high iind complete in every respect. It b 
car^ cd from fine porous mditic limestouc. Some td the red color with 
which it was paintxi^l still udhorc^ to it. It represents a fat pregnant 
woman with large pendent mammw and large hips, but no real 
steatopygy. It corresponds cWly in form to the Venus of Bras- 
sempoiiy* an ivory figimne of Aurignacian age from the grotte dti 
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Psiyjc TJii‘ hfiir b kinky (nt?gr<jid)^ face left iin* 

diirtijled. Tlie arm?? nv^ mueli refliievtU ilw IcsAver uroig mid Ijiimls 
iKdng It*presented only in plight rtdief. The kti^.s are well foniinL 
Init below the knees the legs m-Q iinirh sshorteni^d^ aUhnugh |nt>vi<hKl 
with culves. The entire HgnriDe is jmw>f ilmt the tirtiM vvus a nifi^ster 
«t representing the human form nnd that here he intended to emphn- 
SIT® thciso parts most closely as^soeiated with fecundity. The only 
Riiggcstion of iipparel or omamcfit ra a hrueelct on eadi wrisL The 
fauna of ihis horizon meludes tJie mammoilu hoi^, retndetrr* stag, 
anti fos. All nine layers are Atirignueiain with n transition to 
tr^an at tlie top* It was my good fortune to in Vieimn the weL44 
the Venus of Willendorf arrived, and, after the museum staff* to Ije 
the first archt^ologisL to examine the specimen. 

In addition to the Venus of Erasaoinpony (]d, *2^ fig. i'), the Piette 
collection intdudes other female figurines in the same style and from 
a corresponding horizon. One of these, also from the grotte dii l^ayje, 
is said to have served as a poinard liandle {ph % tig. r/). Tlie 
Idode formed by the ] 3 roloiigation of the back is broken, Ih'csumably 
the figure never iiad Ixjen siiprdied with lit-iid and arms. Another 
example, found in the cavern of MaH-d^\zil (Ariege), is a female 
biiBt carved frmn the meujor of a horse (pf. a, fig. i). Tliis piece 
Ls df apecisd innx>rt anw? because of the chiseling of the features^ which 
>vete Jackinir in the hca(lU«iS j^pefnmens fruio Urasseuipony anci ako 
are not differentiated in the Venus of "Wdlcndorf. Piette would place 
in this or an iiitcmuHliate group the hm relief from Laugerie-Basse^ 
carved on :i reindeer palm and representing a human female near the 
feet of El reindeer ipL 2* fig. c). The skin being almost ctmipletely 
hidden lieneath a haiiy' t!otiting iiulicated by incised lines* there was 
no need of appai'cl. Ornaments^ liowc^'cn are not lacking. Besides 
bnjcelets recalling those worn by the Vemift of Willendorf, iliero in a 
neeklaiT. Curiously enough, in I be same Aurlgtiarian layer Jit Bras- 
pern pony that fiirni^licul Ibc adipic type with pendent breicits w*ere 
found figurines iHdoiigiiig to a tiisLini^lly different ela'^, representing 
El slender, prohiildy siijierior race. Thu la^st single example f>f this 
doss is the feinme h hi capuche (pi. 4)* The long slender neck riillri 
for a hotly rtiid legs to inalch^ aiid ihuije are s^uii in other figures from 
the same horizon. 

The ilisct>very by i*nif* Otto Schoetensack of a human lower jaw in 
the lower Quaternary siiiids at dinner, near Heiddla-rg, rightly comi^ 
in the iiategory of valley dujKisit finds. IVe have chosen, how ever, to 
reserve it for the general di^iis^ion uf human reniHins. 

A eomhiiiation of the three statioui—Ifdin, Saint-Acheiil and 
W'illejidorf— not only gives ns every palledithie horizon^ the tnins^i- 
tin rial Tourassiiau or Ax}dian alone excupUah In stratigraphic position* 
but ako dcienuiiius tlidr iwjtsitiun with reiit>eot to the eolithic below 
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and die nt'nlithic above. This is the sort of evidence on which die 
seienec of prehistoric European archeology lests. 

CAVERNS AND EOCK'SnPI.TElta. 

Turning to the paleolithic caverns find rock-shelters, we find con- 
firiiintory evlildnce, altlnnigli there is no clinwt stratigrnpbie rela¬ 
tion between the superimposed cavern deposits and those of the 
river valloys, 'ITio chasm, we believe, is safely bridged, however, 
liv the combined cvidoiice of faunal mid industriid remains. The 
r^-ults accmniilalcd in the past decade of cavern exploration have 
tieeii even more remarkable than those due to the investigation of 
valley sites, hike the researches of Commotit at f^aint-AcIicul. mucii 
time has been given by cavern explorers to regions and even stodons 
already well Icnwn. As examples there may be cited the caverns of 
(Jriniiddi, Lc Moustier (Dordogne), and Altoraira, Spain. 

Kock-sheltcrs and caves seem to have been employed as habitatione 
lief ore the close of the Achenliaii epoch and continued to be so used 
thereafter throoghout the paleolithic, A study of their floor de- 
[Hisits reveals a succesion of culture levels corresponding to tliose 
found in valley deposits and classed ns upper paleolithic. 

The rock-shelter of La Quina (Charente), already mentioned, 
deserves more than a pas-'ing notice. Known since ISTfi and often 
visited by archeologists bent on mcretising their collections, lot Quina 
canie into the possessiion of Dr. Henri Wartiti in 1905, since which 
lime he, with the help of friends, including M. Louis Girautt," has 
carrietl on excavations that have led to important results. 

Beginning at the bottom the section is composed of the following; 
(1) Alluvial sands deposited by the Vuultroii, a tributary of the 
Gironde, at the summit of which are found certain elements of un in- 
diistty with Acheulian facies: (2) two clay deposits, the lower sandy 
and of a greeniith tint, tlie npiier dark. The contact Ijclween tliese 
is the so-cuUed couche ft ossiciiicnts utllisds, which i.s also rich in a 
pure Mousterinn stone industry; (S) a barren inyer formed by debris 
fmm the one-time overbanging cliff; (4) vegetal earth. 

Particular attention is culled to the uliliswd bones, a subject treated 
in part 1 of a (juarto memoir in pttparution by Doctor llartiii.^ 
The tmeeij of utilisation arc bunched incisions usually nearly trans¬ 
verse to tbe long axm of the bone. The Imnes ami parts of bone thus 
morked belong to five ciKegories: (1) The lower extremity of the 
humerus (d the horse and certain bovidas; (2) tbe first phalanx of 

^Tliu Yuki TJiilv€?r3lt3’ Museum Sb Ind^tod to M. Olniuj fyr u stft LMjllwltwii 
from Qulnop comprlsinp stotiP IndtiHtry an as baaea 

ft kt'tlim’Iiiffl fiiijr I'f^valutlan du ^uuntifrlpll daiiB It* glswcMMit du^ Jji i/uLim 
(Clmruiitp). 1' tiiflc- ■ Offlt'iuratB lii 4*i Sclil^li;^er ITr&reai IfiOI, 
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the Lurs^* (3) first phttltingp'^ of Llie bitH>n and other niininants; 
(4) metucarpEiIs and metntursals uf ilm hor=re UTid reindeer: (5) 
fragments of the shafts of long bones. In s^^ime cases the bone ne- 
senibtes a luritabic miniature chopi>ing block. In every instance it 
would offer a solid support for an object to be cut, scraped^ or 
chipped, as the case might be. 

Similar iiidsionis could have Ih'CO prraliu?cd by pressing a flint 
chip dr flake agaiufit a fresh licne at the pi^oper angle to produce the 
marginal chipping ^ diariuderj^ic of the stone industry at Hie sta¬ 
tion in qiiestiun, as lia^ lieeii notef] by M- A. de .Mortillet. Since Mur- 
iin^fi diiicovnr)' at I^i Quina^ iKUies utilized in similar fasliinii have 
been found by Favruiid at Petit’Puymoyen, and I^ont-Neiif {(’'Jia- 



Fla. 4,—FUlat luak^Rirntll, frtfflj AurlsnAcUn hwlMci in Uiif PBTtm (^f Lw C*ottia 
After BciHiIlf lU<r. al^ rtk'iMv C'liHIlir. dtl FhrEi, VaL IAk p- ItKML 
It. Cr Ht*<af4Krtmc- collFetlgo. 

rente)* alao b_v Dr^ EiigiTie Pittard at the Moiisteriari si at Ion of 
Rebitress (Dordogne), Petit-Pujiuoyeii is of ilousterimi age, while 
Poiit-Neiif IB Aurignacian. 

The rehabilitation of the Aurignacian epoch and the tletermina- 
tion of its i^trutigraphie jiosition beTwoen the AIoicHterkn and Solu- 
trfan instead of Ix'tween the Soliitr&n and Magdnlcnian, where it 
had been placed for n brief [>erjod by G, de llortillet,* is one of the 
apndiil recent contnhutions to the credit uf citvem explorers Car- 
tailhac and Brcuil suggesting that the old name l>e revived. Once 
and for ii long i^eriocl rejected by the builders it has suddenly Ijiccome 
one of the chief comer stones in the temple of cl a»n Beat ion. Ita 

" Cuarlite-rcnda, AcuU. dtns BcU Vatin^ roL UHi Man-li h ISOOh 
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presence is reported from Jiinny localities both io deposits and 
in eavenis, 

Aiirignaciati industry is cbanicterized by blade-likc flint flak^ 
with one end chipped obliquely find the back worked down (rab^ttii) 
for its entire length; flakes chipped along both margins and produc¬ 
ing in ^Jiie instances honr-gius^ forms; the appearance of two types 
of bone implements, (1) ftcraj^ers terminating in an nbliqne edge and 
(2) |>oints with cleft bo^; the beginnings of sculpture, engraving, 
and painting, and, Recording to Rnlot at least, the dawn of ccratiiic 
art. In rrsit>ect to fauna, this is the epocti in which the reindeer 
first bect>inei^ prominent. The cave beur, horso {nhtindant), hyena^ 
and mtiiiiiiiotli ore also well i'epns^cnted. The direct aiiperjKisition 



F]q. DL—1^1 Dll irltlL clffl biu#^ fnoi tb» AurlicnK^tBi] borlxolr, vt [jh Ci>U^ 

1. iTorr ajod t«ln4*fr bom- All*r BrenH^ HrF. de rBcolA 

dc Parl»K Vol. p. ES4, llMHk R. Oa Roctn&^rUJMf HjullectJflB* 

of the Aiirignncifin on tbe Mou!;terinn i$ )%en to good ndvantago in 
ibe caTorns of Grimaldi, at Pnir-tiotl-l’air (Gironde), Spy (Bel¬ 
gium), Cbatct perron (AUier), Iji Qiiina (Cliarcnte), and Les Cott^ 
(■Viehn.c). On tlie other hand, the superposition of the Soluti^on 
on the Aurignacian has been noted at a number of stations iiictiiding: 
Cro-Magnon, Combe-Capelle, Le Ruth and Lnussel (Dordogne), 
So1utr6 (Saone-ct-Loim), Lacoste 11 near Brive (Cort^zc), grottc 
du roc, coniDiune of Sm (Charente), Sirgonetein (Wiirttemberg), 
Ofnet (Bavaria), and Carmago and Homos do la Pena, both in the 
Province of Santander, Spain. 

B}' reason of its bearing on the relation l^etween cavern culture and 
the glacial period, one of the most important paleolithic discoveries 
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ill recciit years is Uiat made by Ilerr Emil lincIilEr, director of tbe 
Xstuml History Mtiseum in .Si. tralkn, SwitKerJund, The Alpino 
rt‘gion had nut b^u wngidered seirloiisly ua a fitld for pakuliiliic ro¬ 
sea rrh. Jsint^ the latter periixl closed liefore the retreat of tliu ijladiors 
to anything like their present extenL It is true, man might have 
penetrated into the ^llps ilnring an interglacial i>eriotl, but the Qvi~ 
donees of hln presence tvonld have been dc^ftroj^cil by the succeeding 
ginciatiom Two stations in Swit^sorLond of the Magdalen inn epudi 
Imvo Imh'U known for years, vix., Schweizersbild and KosskrltN-h, but 
these are nurtl^uf the Hbinc in Canton KdialFhuiiseiu 

It remained for Herr Badikr to make the de^covory, some four 
years age, of u station of late Mousteriaii age; not in a va 1 ie 3 % tir even 
Uie fcwt-hilb. but in the Santis Mountains, which lie between the 
lakes of Censtaiice and JSurich. 

Tlie station in question is on the Ebenalp falxsve Apjienzell) tit a 
height of 1.477 to l^DO meters^ It consiats of twTi caverns, witli 
southeastern expoKure^ that enter the jjrecipitoiis face of tht; ronk, 
and one of whidi penctnitei» backward and upward, giving access io 
the top of the inonntain as well as to the WeL^bttcli valley lying lo 
the northwest. The caverns arc reached by foot-path fnnii Weissbad, 
the mot^t ft^uented one being by way of the gap that separates tho 
Bormufaifllik from the ElH>ujilp, This gap was protiuced by fmilting 
wdiicli left, the El>enalp standing aljont M) meters above its neighbor. 
The Jast part of tho way is very sleep but protected by a railing. 
It w'ould, in fact, be absolutely broken at one point were it not for a 
w'ooden bridge aneliorcd to the vertical fact‘ of the rock. This is at 
n point just below the first or lower cavern. It is pnibabict therefore, 
that peleoliddc nuin did not reach the caverns from this side, but 
rather from the back of the mountain and bj' w ay of the upper ciivem. 
The communication between the two is by mearci of a narrow Icdgv'. 
pL 8, fig. a.) 

These cavermi have Ijcen known since L+>Sl, and there is a legend 
lo the effect tjiat at a much earlier «late they were iiihabiUHl Uy wiM 
men- llie litUe pilgrirmige chapel of Wildkiix'ldi thai gives Its 
name to (he place was founded by Dr. Poidim ITlmaJUi (HU.a-lC80l, 
priest, at Apimnwll- The cliapjel ia in the lower ciivern, ami in the 
ii|j|>er ruvem where the hcrniit hoUHc nuce Rtood the 1*0 h now iJte 
Wiblkirchli Inm The last liertult died in sim^ which time 

WtldkirchJi has been rutlier a belvcilorc fi»r mountain climlwrs tliaji 
a place of religious pilgrimage.. The views are certainly SL3j>erb mid 
well rt'pay rhe tuiLsomc iii^cent. A place so full of the spirit of llie 
post Lind of nEl tUral chiinns could not wudl escape the romancern, as 
witness tln^ last chiqjtcrs of the hisforical novel, Ekkdmrd, by the 
cchdiruted tieniian writer, Viktor vou Sclieffel- 
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As ^arly as 18C1 Riitiiuever imnoiinoeil tin- presence of bones of 
Um(s niid (^upta (I'Sra" and rfijficdptii) in the floor deposits 

of Wildkirchli- Before that dule the hcrtiiiU^ u^l lo pick up l^iu-s 
of the cuv^ bear aial sell ihcrn to the pilgi inis. Bachbr l^e^^an Ills re- 
searohf 5 ss which led to die di^very of a pure iIou5<lerimi indnstry 
during tiie winter of U>03-4, and continued tliem during the two fol¬ 
low ing winters. ’Winter k the beat lime to work, ns the caverns are 
then drj\ telativcly warm, and frei! from visitors. 

The deposits are about Ti meters thick and cover on iiren of 
la^veml hundred Jrfjiiare meters, so thiit die amount still to lie excu- 
vated Is much greater than that already done. About 99 |ier cent 
of the bones found are of the cave bear, the number of individuals 
represented by the finds to date being approximately 200. Tiicso 
remains have found practically at all levels save in the luyer 

at the top. whidi has a thickness of one-half meter- MoUiiteritm 
inipleniejits are found in the same horizons ns the faunal remainif. 
They arc made of quartaite and flint: also of cave-bear bone- The 
quartzites were picked up in the WeLssbach V^nlley several hundred 
meters l>el&w nml carried to the cavertis, there ti> Im‘ worketl into 
toedsL Some of the Ijettcr-formcd imp]eu:ieuts ore made of n green- 
bill flint dial must have been brought a long distance by paleolithic 
man. Both stone and bone implements are of crude workiuanship- 

Iri couipony with Herr Eiidder I spent some hours studying the 
six^tioiis and searching for animal remains and artifacts. ’^Ve w^ero 
simcCi$iifnl iu flnding two bone implements and one chippcci qnailaite. 
Teeth and fragments of bones were counted by the dozen. These 
were chiefly iif the cave bear. Remains of the cave lion, the cave 
pan til iW- badger, marten market) j ibex, chamois, stag, 

marmot, tetter, and henuit crow have been noted. 

The deposits are not indurated and may be worked with as modi 
rapidity as is cnnsisteiit witli careful olsservation. They cousisit 
of materials that have fallen from the ceilings^ They can not 
tilled stratified, ami yet more or less ilHintic Imriaoni? may la? dis- 
titiguislied on account of the relative fineneas of the depoait;^ and the 
variations in cx>lQr. 

Wliat is tlie age of the industrydjcarjiig deptJsilH of Wildkircbli? 
In order to arrive at a }nst e^itinmtr one inust have a knowledge im»I. 
only of prehistoric times, but also of the ice age. According to 
Peuck* lUere were four glacial epot^hit (with alternating interglacial 
cpfKrIis). Tlips*? have been namwl after four streams of .^oniltiTrt 
(lerinany in the foothills of the Alps—Griut^, Mindel, Kiss, and 
Wunu glacial epixJei, respectively^ la^ginning with the ntdeot. Penck 


*See table of relative ehrotiokii;; (nl, 1), 
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has gxmft ^vun further und determined three ivel] -delinet] images in 
the hiiu] retreiit of the Wiirm glacinlion. The stagea oorresptmd to 
temporary tidvanres during the periol of retreat. Such stages hni’e 
left their tractis so distinctly in the region ahom Innshniek timt locnl 
names have been applied to them—Btihl, from KirchbuhL at an do- 
Mition of 500 meters; OflchnitK nt 1,200 meters; and Daun at 1,000 
meters, the latter, of coiiri^i, being the ni(Mt recent. 

Tile harbnric races with winch the Itojiians had to contend had a 
kmvwletlgE of iron. It h estimated that the bronjie age had its 
lieginumg some 3,500 years ago. The Alps were then either in¬ 
habited or visite*! throughout their extent by man. We find, for 
example, bronze weapons in tlie Fhiehi pius of the iipijer Engadine. 
The Fliiela pass ivns invaded by ice of the Dmiii stage. The latter, 
therefore, anb'dates the bronze ege, Prtdiistorie copper mines have 
l^u discovered at two loeaiitics in the Austrian Alps. One of these 
lite at the aoinhcni foot of the Cbeigossene Alp, near Snlzhurg, at a 
height of 1,500 meters. Keolithic implcinents were found in the old 
shafts. Sow this locality (Mittcrl>erg) is near tl» timber lino, and u 
alight depression of this would render It dilFieiilt to establish smelters 
there. The Other copper mine is soiitheuFt of Kitzbiihel in the Tyrol, 
nt a height of I^tOO meters. This mine also must have Wn occu¬ 
pied later than the Daiin stage, at which time the region lay very 
near the snow line and was tin inhabit able. 

Even the whole neolithic period in Switzerhiud is younger than 
the Daun stage, whffl^e simw-iine lay 300 metci^ lower than to-day. 
riie minimum time, therefore, that seporates ua from the Daim 
stage mtist he at least 7,000 years, 

A very long inlcrvul of time separates us from the closing epoch 
tMagdalenian) of the pnleolilhic pvwiod. For we find on the ImrdeiB 
of IjJtes Constance and (leneva animal remain.s of the Mngvhdcnian 
epoch in terraces that are 20 to 30 inetere above the present level of 
these lakes. Jlagdalenioii industry is found in Switzerland well 
wilhio the aiva covered by the Wurm glaciation. But such statiofU! 
have not yet liccn found within that covered by the Buhl stage. It 
may lie taken for giTiiilcd, therefore, that the .Mugdalenian industry 
tfs nol older than, hut mny bo eontemporaneons with, the Biihl stage, 
which corre^onds, by tho way, to the Champlain stage in Xorth 
Ai]icriefip 

The rock-shelter of ScJiwciEersbild wa.s iKxaipied bv paleolithic mon 
. after the Wfinn glaciation had retreated acroiss tlie Rhine from Can¬ 
ton SdiatThausen, lleix- ii5,atm stoue implements hove Wn foimd 
. uesch; also many lame implements and some engravings, one 
^itig of the mammoth. Tlie paleolithic layei^ were covered in turn 
by successive dcposlta belonging to the neolithic bronze and Roman 
penuds. Taking the thickness of tlie deposit left since Roman times 
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as repmpntinf^ 2,000 years?, tlie time riHiuined for the whole 
of depos^itii is estimated at 24.000 jcari. The total time ehip.^ 
aince the oiuximiim advance of the VVuini glaciation is still longer^ 
30,000 yenni being none toe higli an estimuto for it* 

\Mien c^julcl WildkiTehU have been itihabitiHn It lies within the 
region of glaciation. It could not have been oeciipicN] during the 
Wiirrn gUcial period* l^ecause it is at a lieight of l,tjO0 metersfSt while 
the snow line of the WiTnn glaciation was otily 1^00 meters It is 
self-evident that man could not have taken up his abotle above the 
snow line. Even during the Buhl stage of the gliicial retreat the 
snow line was still as low us 1*500 nieters. Man caiih! have come 
there only after the Ibihl stage. But after the BiUil stage we have a 
dillei^nt fauna and flora? so that man must have inhabited Wild- 
kirchli before the last (Wiinii) glacial epoch, that b to m.y during 
an interglacial (RLss-^\‘urjn) epoch with climatic conditions .simi¬ 
lar to those of the present da3^ 

During the last glacial epwb the Wildkirchli caveim were filled 
wdlh ice or snow, and hence no dejjosits of any kind were formed* 
Tlie ?rterile layer one-half meter tlik-k at the top of the floor dejKJsiUii 
repit-sents the ucciiniulntion since the close of the glacial i^'rior]. 
If we allow 30,000 years for jiost-Wurminn times we mii^d allow^ as 
iiiijrli more for the lm4 glacial epoch. Thus to reach the Rlas-Whmi 
interglacial period und imm^s occupancy of AVildkirtdili enverns 
would mean going hack iilKUit 100,000 j^eurs. We havo here un atypic 
late l^fousleriaii^ or perhaps lower Anrignacian, industry. 

An Interesting fcatiire in the development of our knowledge of 
cavern life is that pertEnninp to paleolithic tuutal decomtions. 
Thi^- were first discoyered in the <'avern of AUuiuiru^ province of 
Saiitiinder, Spain, explored in 18T!) hy Saiitiioln. They wu^re* how¬ 
ever, not accepted as authentic. AIkuiI ten yeiiEH Inter T^opoid 
Chiron reported mural di^onitions in the cavern nf (iinbot ((Tard)i 
but the disrovery was rcecivcAl willi the name skepticbiin as that which 
lie fell the earlier antmnneement of Sautiiolo. With the discovery hy 
Emiie Kivifere, in 1^35, of wall engravings in the cavern of fat 
Mntithe (Dordogne), tlie tide wus finally ttimerl in favor of I heir 
authenticity, Thereup<^n other cavemH were? seurcheel and revealed 
similar phononiena. Tn lOOtl Frnn<:ois Dalemi minoiinw?^! the dis^ 
covery of wall engi'avings ut Pair-non-Pair (Gironde), and the fol¬ 
lowing year Ffdix Regnanlt found fre^'oea on tin* cavern walls of 
]\larHouIa?> tHmite-Garonne)* SiiH-e lOQO discoverie.^ of thb class, 
are to be nnmijered by the do^n, and tlto literature has been en¬ 
riched by more detailed accounts of tho cavern decorations discovererl 
prior to the datij in question. 

The cavern of Ahoniira, siLiiated near Ha util! an a, k a series uf 
grand balls united by coiTidors. Tbc entry b tuodem, bung formed 
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ill of II rave-in. Thf* vefitibuk leads to n vi-ry liii“gc hull 

divided into two chaniben^ by a mass of fallen ruH-li. The chBrnlH-r 
lo the left is 40 liy 10 meters. The one on the right leads to the 
series of halls and ewiritinrs. At the eloso of llie Quaternary a 
rave-ill at the entrance had etfectuJilly senled the cavern. The fnunii 
is that of the enve bcur. 

The paintings and engravings ait; fount] in all jiarts of the cavern, 
especially in llie first chamber to llii' left after entering. 'J’lie lieauty, 
size, and degree of preservation of thi^i works of art are admirable. 
Some of the engravings am deeply cut; others are gently incised liy 
the aid of n .‘^liarp jioinl. The greater part of these dwnrations, iiow- 
ever, Vt'ere execuLecl in mior, either lilaek or red nr Iwth. The most 
remarkable are those in polyehrome of the left diaiidier near llic 
enirBnre, Wliile some of the deriiratinns repiiMienl animal figures, 
olhers are incomprehciieible signs and symVmlsi. They do not all date 
from the same epoch, Tlie deCidy-ciit figures of the left cliatisbcr 
recall those of Chnijot, I’air-non-PaIr, and I ..11 CJrfrze, iinral art nt 
AUnmini admits of grouping under four vategories: fU Di-eply in¬ 
cised engravings and Hoe drawings (dessins an trait ) in Idaek; (3) 
hhicli or ti‘t] fipires; (3) fine engra viiiga, atid (4) polychroino fivsenes. 

Tdnf-drawings and figmx's in tiluek arc abnnrhuiL along tiie corri¬ 
dors. The ceiling of the left clinmber lias many traces of black line- 
ilnin ings 1 pL li, fig. generally in lind state of prcsevvalion. .Some 
of the figures in black arc sbadwl in (models), anti in this respect are 
(piitt ts jual to tfie polyehrome figures. 

'!’he seeoml layer of piiintlnga includes the black or red frescoes 
vvhidi fire sddoni combined in the samp figure Avith engravings. 

Fine engravings are numerous and often made over the black line- 
drawings, that is to say, Avere more recently executed. 

'file polychrome frescoes are rejiiarknblc for vigor, exactitude and 
the command of colors—red, brown, black, ami yellow—whidi mi,v 
and grade into nnmeroiis tints. A group of txventy-five of tliese ih 
seen on the ceiling of the left chamlior, Home are older tlian nthers. 
In I he luier figures, black contours and engravings comljined pitiy 
an imiwrtniit rdlf. Tlie .surface to be included in the field of the 
pmjrrter^ figure was wasbed and Bcraped, A black lino was 
I raced fixing the contours. Tlio nercsi?ary colors were tlicii added. 
In many cases, one sees divers toiicbt* of the bnish. each marking n 
tuft of the mane or the dewlap (pi. Ti. fig, ft), while the large cnloretl 
surfaces ivere covered with a thiinmr mi.vturc of color, gra(luate<l by 
washing or gouache, 'nds work accomplished, the artist often re¬ 
touched tho fignri!. washing or scraping, removing the color In places 
to secure the lighter effects or to detach the limlis fiilded on the 
hotly. SfKits for decoration were often chosen that give, without 
much e.vtra effort, the effwt of n colored bas relief. The frescoes 




Plate S, 



Fia, <*- H^aD qT a Ho^IS^h OflAWN with a Black Crayon. Ca^^^h of 

ALTAMIhA (SfAIHlr FlAST PHASE. L- AFTET^ BrEJIL. 



Fie. h . Bisqh fhom the Caverh of Altahira CSpain)* Paii*tcp im PoltcHhonie, 
FodjpTH PHAdE. After Sheuiu C. n, Consil ihterk, o^anthr. et d^aach. 
PflCHS. p, 3a4p Monaco, 1906, 
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vnrv in sir^ trnm 1.50 to 2.^50 finrl reprt-^nt the bison, wild 

honk dei!r JioniftT Altiimini, n dozen otlier t averns witli flec- 

riniled \s-nlh hiivo l>cen found in the IVovinee of SftiitunrJer; El llaza 
and Covalttna?* neiir Rnniel^, region of Hio Ason (paintinp?3) \ ^tar^ 
rizH. Cneva negrii (psiintinj^) iind Venta dn hi I^erra (eiigniyjiigs), 
all three at Molinnr de tiariinzn, Eio A-^>n; S^aHtn? al Ajanedo, 
environs of Santander with Anrigniiciiin and ilapdalonian paint- 
ings; Castillo, at PtLcnte-Viesgn (paintings ami engravings). El 
Pendo^ near Eseobedo (engniviogs^ and Sanlient at Pnente-Arce 
(pamtiiigs), all in the region of Rio Phh; Hornoi^ de la Peno, at 
San Feline? de Buelrm (paiEilings and engiaving*), nntilde, at 
Santa Tsflbel (engravings) and ileaza. at ComillEia (paintings)* in 
the envirtiTi& of Torrchivegii. Tn addition to tlu*se, the able conr- 
mittws a> generoiiKly supjjorted by tlie Prince of Monaco Ineated 
some fifteen caverns, in which no frest'oes and wall engravings w'ere 
found, and foTir paleolithic ‘^tiilions other than caverns. 

In HH13. duaii Cabre iiotived for the lirst time nniniul figures 
painted on walls of a rock-shelter ni CroLas, south of (’’nlacreite, 
called Roea del Mom. In ll>0ih after having heard of the publica- 
tioti of Akiilde del Rio on the raverns of Saiitiuidcr, he called the 
iitientioti of nrcheologists lo the figures lie had seen three years 
(irevionsly. Hrcuil* heard of the |>lare throiigli a publication of 
Simtiagci Vidiellii.^ and visited it in IIKIS for the purpose of ^tiidy. 
The grotto is 10 meters long by 3.5 meters w^ide. The H<^>r dcjKK^its 
are bnrren, but on the sloja^ there are fHiU ihikes of the Magdaleniari 
type and no truce of the neolithic. On llic protected wall of the rfK'k 
shelter were found the handsome frescoes which have tn'cri removed to 
prevent their laung d^^troyei] by curious visitors. The removal was 
successfully made in s^pIte of the Uardnei^ of the rock. 

I'hc painted friezA' comprised llireo deer, a bull, and a Piiiall civrn- 
ture atidctertnincd. All are in dark retl, the color having pcnetrntctl 
W'ell into the rtK-k; The figiii'cs of the deer were outlined hy didicate 
engraving. One of these is represen tec! as in the act of rising (se 
levant de son gite), the nttitiide ladng full of grace and natural ele¬ 
gance (pi. ih fig. o). Ill this figure and all those of the Eleer at Creta? 
tlipre is a curious disposiLion of the antlers. The uptK'r part?? nrt 
reprctiffinled as seen frtun llie front, while the louver parts are in pn>- 
file. This is also true of ligiitM'^ of the deer at Oignl, Ijifrida (Cata- 
loniu}, and in France anump the drawings of the reindeer in the 
cavern of Portel f AH^geK 

^ L’Abt»e H. Hn^an ec Juan CubK- Aj^Jla. Tju pelnturc^ ruiiestres rtn hawilii 
Ilk reriel! r Uc rfelire. T/aiillkn^ ruL VHA L I. Lest rochera pelnts di> Cala- 

pnta tL CnHnfl (Raft Arni^ia). 

^ BkiieUn de hist, j ffeogr+ ilel liajo Ankgfkii, uiars-avrll, lOUT, 
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On l^vin^ the Kwu del Mom at a distaiKja of tneters* 
chanced to see in iinoUier nsek ^ihoIter a figure painted ml. lie 
leaped from bi^ hoi^ utid clambered up to tlje spot to find a ooin- 
panion figure in black and near thcse« t^vo deer bi red and bliiiik 
and three other smaller figures (wild goat) in black This discovery 
caused the es^plorerij to change their plans so as to indiide a recon¬ 
naissance tour of the whole provirn?e. After three months, Cnbm 
reported that he had found ninE other localities with paintings or 
engravings in open shelters® (it Vidr libre). A tenth situiited to the 
south of the province has been diiscovered and it looks, saiys iSreuib 
if we jnight have the saitisfaction of seeing Quaternary art iAu^p 
hands by ilie wny of Gibraltar with the rock paintings and engrav¬ 
ings of northern Africa. 

A Catalonian mck-shelter near Cognl, south of Lerida in the prov- 
ineo of the same name* is adorned witii frescoes that furnish inuuest- 
ing additional data concerning paleolithic aii. The=<^ fresenea known 
for ages were formerly attributed to the Moory. Tlie ceticarchcs of 
Brctiil prove them to be of MagJaletiiatk age. They form five groups, 
two of which am shown in plate 6, figure b* Both of thcsie are hunt¬ 
ing scenes* Above and to the left is a hunter in the act of striking 
down a stag after liiiving already killed one. The drawing ii* highly 
stylistic without obscuring the real meaning of the ensemlik. Tlio 
dead sing liefii 00 bis back with all four feet in ihe air. The grmip lit 
the right is n combination of stylistic and realistic an, tbe figiiro af 
the bison being similar to figiircsi of that animal in a nnmljer of 
French and SpiinUh caverns. But the biwin emigrated from south- 
w'estern Europe before the close of the Quaternary: the Cogul 
arc therefore IVtagdelenian. Another renmrkahle gtxmp in thb rock 
shelter represents nine women surrounding one man. The latter is 
executed in the style of the hunters reproduced in figure b. The 
female figiirrs are somewhat more realis^tic and are readily dbdin- 
giiisbcd by skirts reaching to the knees and by pendent breasts, 
While the presence of feminino ^ikirts gives to the scene a modem air, 
the art as a w hole is moro ciosely related to the paleolithic tlmii to 
that of any succeeding epoch. 

The explorations of Frt'nch cjuverns have inore than kept pace with 
thoiio in Spain. Confining ourselves chiefly to caverns with mu ml 
decDrations thofia of Lhe Dordogne are perhaps the nioEt important, 
the largest group being in the Valley. Tlio cokureous forma¬ 

tion, deft by the Vezens and its tributaries^ is comptised of Cretaceous 
beds approximately horizontal and of %‘nrying degrws of liurdnesH 
(pL 7) I so that overhanging rocks often slieher horizimtal galleries 
and niches. Again siibterraneflii atreama have left itieaudering cav- 
cttiH, some of them pevemi hundred meters in length. These ns well 
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Plate 6. 



Fia, a. RE& ¥Ht5GO REPRESENTING! A STAC IN THE ACT Q¥ RlSUfU IThE COLOR 
HAS DIEAP^aNEQ fHOM THE DOTTEO POR-nWfS^ RCCK SnELTEA OF CaUIPATa 
AT CHETAS ll^OWER AI^AGON). AFTEIi BrEUIL AffD CaSA^ AgUILA, L'ANTHR,, 

20, t90&. 



Fni h RED Frescoes Representing two Hunting Scenes. RocKSHELtEn 

NEAR COOUU SOUTH OF UHtDA ^OtaLQNiA-, AFTER SrEuIL AND CamE 

Aguila, Lwnthr.. 20 ^ 1909 
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hSi llm n^c-k-shehers and open shallow formed through atmos¬ 

pheric IIpolicies^ were inhahiird by early mart. Some were enlarged 
or modified and occupied during the middle ages. At a safe height 
in the i*oe de Tayac. one finch that vrithstood succe^^ive sieges in the 
fourteenth and dfEecntli cciiuirii^ is ill present used m a restaiinint 
and appmpriutdy named ’^au Furadis.^ 

The earlier explorations at Les Eyries, Cro-xMagnon^ Gorge-crEn- 
for, Laiigerie-Basse, ijftiigorie-llTiiite, I-a JIadekine, and Le Alouslter 
are so well known that tluw are mentioned only in jmssing. After 
90 long a series of important discoveries, it migltt well be sijp|H>s[^l 
tfiat the iirchwlogical possihilities of the region bad been exhausted, 
yet some of the most important treimun^ still remained lochcd in the 
reoessei4 of the less easily accessible and little known subterranean 
caverns which penetnite the hills to great depths. Tlie eotranoe^ to 
the#^ caverns are small and invisible from the Talley btdow'. Some 
indeed completely stopped by hillside dchrix, leaving no on ter 
trace of tln^ir existence* It is not slranpc that they escaped itnnUHli" 
ate notit'C. They were neglected until the corly nineties, when Biviere 
removed sonie of the floor deposits in tfie cavern of IjCs Combandles 
that yieldeJ many flint implejnciits. and especially fine lH>nc needles. 
In 19l>5, lie Ix^gan work in similar deposits in llie eavcm of Iji 
jroitthe. One day* after ]ienctrntiiig to a con-Hidehibk depth, he and 
his companion, the son of Beilhoumcyroiu the innkeeper, sat down to 
rest* In lighting n cignr^ the extra liglit of the match addeil to the 
feeble candle light and placed at the proper angle retT^alcd to one of 
them what liad not been observed before—an engraving on the wall. 
The discovery was duly announced find marked the lieginning of a 
new' epoch in cavern tLXploratioiL^. 

The muml deceptions at La Slouthe occur in four groups or panels. 
The first panel is id>out D3 meters from the entrance* The sccomi, 4 
metern farther on, is called the Hall of the Bisom'* Seven animals 
are representcH:! on an area 5.02 meters by 2,6 meter*^ The tJiird and 
fourth panek are 113 and 130 meten^u re-tEpectSvely. from the entrance. 
In Riviere Avas so fortunate as to find a Mtonc lamp in the floor 
deposits of thi<i cavern at a jToint abemt L7 meters from the entrance. 
The pick of the workman broke the lamp into four piecei. of whidi 
ihtw were Immediately recovered- Bivkre and iwm of his men 
t^earchetl for the missing fnigiiient an entire day, but without sinjcess. 
The shalloKv bowl contained some carbonized matter^ an analysis of 
Avliich led IE. Berthelot, the chemist, to conclude that lard Avas used 
for lighting purposes. On the base there is an engniAdng of a wild 
goat's head and horns. A figure exactly like this was found on the 
third murBl panel already mentionetL This wiis the fourth lamp to 
be found in French caverns, Tlie first and second weixj from the 
^*avGm of ilonthiRr {ChHronte)| and the third from the cavern of 
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Coiinl {Tjot). Thfl nweffijtifjfs of mpn in dark wirorns would 

he likely to lead to the inmittoii of artificinJ light, whidi light mode 
it possible for them to depict tlie frescoes and engravings on the walls 
of their abodes. 

The past ten years have witnessed a saeccHsion of remarkahle die- 
covericfl by llessiciirs Capitan. BreuiL Bourrinet, Arnpoulange, and 
Peyrony. in the eavems of Tab Combanelles, Font-de-Gaume, Bemifah 
Tenat, lai Gi^ko, and Tji Cal^vle. » 

The Combarelles cavern has a total length of 2IU meters, Is from 
1 to 2 meters wide, and high enough to admit of walking upright for 
most of the way. Tlie engrn rings Isegin at n point alx>ut 118 meters 
from the entrance, and occupy laith walls for a distance of 100 meters. 



Some of the figures are deeply incised, others ure mere scratches. In 
sotiie, the effect is heightened by the application of a dark coloring 
mutter (oxide of manganese). Portions of the walls are cov’ered bv 
a coating of stalactite thick enough in places completely to hide 
en^Bviags, while in others the more deeply incised figures are still 
viailde. On areas devoid of inemstations, the figures are fresh and 
distinct. The artist soinetitnc.s had recourse to champlev^:; sometimes 
tintural prominrniass were utilised to add relief to the figures. Of 
the 100 engravings of various animals on the walls at Les ComharelU-s 
there are some forty equine figures, occurring either singly or in 
groups, and fourteen of the mammoth. One of the latter is rcprci- 
diiced in figure fi. The mural engravings belong precisely to the 
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S4un€ school of art as the relief unil incised figures from the floor 
deposits of the shallow caves and rock-shelters, so well known thratigh 
the works of the earlier investigators. This statement applies equally 
to all tho caverns thus far explored. 

The cavern of Bernifal was first explored in 1^03. It was dis¬ 
co verefl hy accident. The original entrance near the base of nn 
escarpment is completely obstructed by earth and stones. The pres¬ 
ent artificial entrance Us at a point where the ceiling of the cavern 
comes close to the surface of the wooded sloping upland. The de¬ 
scent into tlio cavern is almost vertiesai. and made by meann of iin 
iron ladder about 3 meters long. Thera is a joint in the ladder, the 
upper portion of m'hicb may be inclined and locked so us to secure 
the interior agaimst vandalism.* IVithin are three large chambers 
united by rather narrow corridors. The first is 22 meters long, with 
high ceiling and a niaxtnmm breadth of 8 meters. The othere are not 
quite so large. The beautiful stalactites overhcjid have been left 
undisturbed. Most of the engravings are to be found in the second 
chamber. They ore cut rather deeply into the calcareous walls, .nnd 
generally coated over with a thin, hard layer gf stalactite Twelve 
poups, numbering in all 2fi figures, have been recognized. These 
include genmetric triangnlnr signs in addition to various animal 
figures—reindeer, manunoth, horse, bison, nnd antdojie. Some arc 
simply engraved, others are painted with red ocher and manganese, 
ilfitiy are probably wholly hidden heneiith thick miiml inerustaliorLS. 
Tectiform sigms, the Eiguificance of which is unknown, were also met 
with at 1^ Combaralies and Font-dc-Gauirie. 

The l‘ont-de-Gaiinie frewoes and engravings were discovered in 
1901 by Cap]tan and Breuil with the assistance of M. Peyrony, the 
school principal of Les Eyries. The entrance is some 20 meters above 
the valley and near the top of the escarpment (pi. 8, fig. S). 

A passage about 6.^ meters long, and much restrlctefl in places, 
leads to an ample gallerj- 40 meters in length, 2 to 3 in breadth, and 
5 to e in height. A majority of the paintings—and Font-de-Gaitme 
is especially rich in paintings—occur on the walls of this gallery and 
in a little side chamber farther on (fig. T, no. 16). The latter con¬ 
tains 13 remarkable figures, in color, of the bison and n group of 
reindeer (pL S>). The coloring matter was red ocher and manganese, 
either mixed so as to give various intermediate shade.s or used sepa¬ 
rately. Both these materials are found on top of the neighboring 
plateaus. The dimensions of the figures vary from -2.70 meters down 
to 0.20 meter. Some are on regular surfaces, while others indiide 
natural prominences in sneh a way oa to give the effect of tolief. 
rhey are veritable frescoes, the whole figure often being covered with 

"lIoBt of dw iirehlHtorlc mtniumetitp of Fritupe are noiv the rmpertj- of iiie 
Goverammt nod are pnUectal by tbe eoacutieiit ntid enforceinKit of wiw law»iL 
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paint. Engrai’ing anti fresco are usually associated in the same 
figure. The coloring matter was, in some cases, applied after the 
engraving; while in others the process was reversed. Again some 
figures ore a piecework of engraving and fresco. Some are engraved 


C^tiut 


V FtS, t.—Flfiiw tJlflu ttl Ih* CTifwra of Fottt4«-0pltlE»» Boralsprm Ini9le«t4r 

tt« ptHritlna of iH* flop'Atltici and palntingi on thE wkIIe, 


only. In ccrtRin eases the outlines of the animal are simply traced 
bY a jingle stroke of the brush or pencih nsiiaily in black- Where 
the contours an? filled in, various tints from Vilack to rod are usually 
eniployotl. Tlie oiiLlinos are seldom marretl by blolchos or evidences 
of an uncertain stroke* 


FtdLr Su—^ frani Fant-aE-fliiaiDf. AOtr C^tlr|^a(T3 aiul OrEialC 

C- r.., iDtc'^, d'MDUir. et d'dreb, pr^tto., T^l. 1, p. ]t)0O- 


Of the more than eighty figures cleseril>ed already from Font-de- 
Gairme. forty-nine represtmt the bison, four the reindeer^ four the 
horsOt three the antelopen, two the tnammoth, one tbo stag, ono FrZIs 
leCf one the wolf (see pL 10), one likhwcer^ iickorAinujt (s^ pL 10), 
bVL various signs* A number have not yet been determined. 






E>Mi I, uniiumklLihg 




Fiq. fi. Entftauce to the: Lower Caveiin of WfLDKrfiCMLl^ Fki. h Eutrahcl to the Cavern of Fqht-oe-Gaijmie (Dordogne u ‘ 

CANTCRI APfENZELLi A STATKSN OF ^OUftTERPAH AgE AT A 

Height OF LA77 Metihs. 
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Fig a, UHFiwtSHEO Polvghhohe Paintino OF Two Rekmdeer, $hqwlnq how Paint- 
iHo WA3 Combined with Enohavino. Cav^^rn of Font-pe-Gaume 'Dorexmhel 
F ouR-m Phase. ^ After Capitam aho Breuie. 




FhX fe. PainTino of a Bh&QH. CavEAm of F0RT-E>E-CaUME -iDORDOGNSl, 

FovRFh Phase. ^ After Capctan ahd BREyiu 
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Puire 10. 



FH3. it. PoLVCHROHi PREfrOO OF A WOLF, FROM FqNT^-SAUUE- AFTER CAPfTAK 
ARD BrtEUlU C. IT- CCMISH. WTERN. D'ANTHH. iT D‘JlJICK PR£h^, 1, P. 390. 
MwacOp 1906. 



FlO- h ReO DRAWm^ OF RHH«0C£WOSTCH0flHINU5i^ FprOW FcW4T-DE'QaUWE^ AFTER 
CAFTTAtl AND BflEUlU C. H. CONQR. IMTERH. O’ANTHH. ET O^ARCH. Pfltttg.p p, 393, 

Monaco, 1906. 
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In tlicir various liXjjloi'sUioiis Slifsaieurs Capitaii, Uiv-uil. and 
Pcyroivv btive coUptled about a huDdwd (Inn^'iugs of the tnammotlu 
Thow' of the biiwii, tiorse, and reindeer lire also nimicrouK. Oa the 
utlief lijinti reprc^ciitalions of Oivui, FtilU, and R/tinot’ori)i arc rare, 
^rhe etij^dviiig of KjH'hr'ui' on a pioee of schisl fouml in the llcior 

deposits of the civern of Massal has Iweii known since ISOT. 

A similar hgnre is to l)c seen on the cavern walls of Les tom I mi relies, 
ami oilier One exmnjik's occur on the walls of the cavern at Teyjflt 
(see fig. 12). An cnginving of Ff7is on a iiclible fiimi the cavern 
of (tuimkii (Haute-tlunJime) was recpuUy published by Piette. 
Two iniinil eiigruviiigs of Felts tire known i one at Ias Coinbarelles 
and the other at Pont'dC'fiaiinie, at the end of the cavern. In the 
latter tlte entire animal is represented, ladiig clmracterized by the 
fuiTii of the head, the general aspect of the iiudy, the Inng, lifted 
tail and short paws. The animal is probably Felts feo, var. Sftcltwtif 
since it is fij^ired somewhat larger than are the four hoises forming 
part of the same group or pictiire (Bg. S). 

One of the most interesting Einimal representations on the envem 
walls of Dordogne is a dm wing in red of Ilhmtveros tiehorkhtvs 
(ph KJ ti\, found »t I’oiit-de-t'.uiimc near the group that inchidisl an 
engraving of tlie cave lion, i. e., at the end of llie caveim. The hgiirc 
is not only crompletc hut iilw esnet. The two horns are faithfully 
indimteil. the anterior notably longer and larger than the posterior. 
The only other representations of the woolly rhinot’eroa are an indif¬ 
ferent engraving on a piece of stone found in the cavern of nourdaii 
and recently publislicd l>y Piette, und one likewise on stone from the 
grottc Ju Trilobitc at Arey, The ctuiting of long hair is equally well 
dinraeteriiMsd. The tcclilijqiie pints to an urehivic phase in the de- 
veloptncnt of Quaternary art. Near this figure k the head of another 
rhinoceros, also traced with an ochre emyon. 

Tlie cftiTm of Fonl-dc-GHiittifl opens on a iiiirrt>w valley tributary 
to that of the Beune and near their junction. The iivcll‘known 
rock-shelter of La's Eyzies lies across the valley of the Beunc. It is 
visible from Font-dc-(Tfliinic, apparing like n black spit on the face 
of tlie great escarpment, tind only 800 meters distant. M, Peyrony' 
suggests that the two prehistoric coinmunitte« may have liccn closely 
\ I n iter I, Ilia recent researcl ira a 11 ass Ey zies tend to conti rm t hi» view. 

The shallow eitv© of Tjcsh Evitlcs, overlooking the Beuno n«ir its 
junction with the opjis on a sort of natnrnl platform about 

3r. meters iibf»ve tbe bctl of tlie stream. Tlic opnitig of the eave is 
wide and high enough lo adtnit the light to its greatest depth, which 
is 12 meters. The greatest width U 10 meters. It has a southern 

“la« Dr. Oiptdffi. t’AMrft T!r<uilt el S'uuvDiteB utuiervntIutiH sur la 

erntie lies ^ali'R et ees reliiiliins nvee eelli'H de FEitil-ile-ttaiuue. CotuiUe rvadu, 

OMipiOR |if^n. do lYtmceT '1000, p- 11”. 
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cxp’Osiire. i&> di'v mid hiibituble, Font-de-Gpunw wuif never a pitted 
of resj-ideuce, m indicated by the ni^sence of ftiwr deimsits. About 
the tnily found there lire a broken ^Tavers witli ed^ 

dulled in executing the well engravings, ii few pieces of ochro and 
uuiiigiiiiese and one Iui[iils4!nie ochre pencil. ^Vhy should the artif-la 
make residence of a dark siiblemmoan tavern^ when by going a short 
dislanee the}' could have mi mnple shallovv cave or rock-sbclter fac¬ 
ing the Hcnith and wiiriuetj and lighted b_v the suti? Sucrli it shelter 
ia Ihics Eyzies. and the enoriitous quantities of refuse itiken from its 
floor at various priods testify to its use as a place of habitation by 
geiipintion after generation* 

Tiic rot'k-sbelter of Eyzi^ has furnished unusually large 
qiianlitics of ochre of various tints* Host of the pieces have been 
scrawled to prcMlut-e ii colored powder whicli was jnixctl with grease 
t>r some liquid, thus forming a |>ainU In order to pulveri^fiC and 
thoroughly mix tlie coloring maileri murinra were used. Au inter¬ 
esting ifieric^i of these mortars fn>ni Eyaies forms a part of the 
famous t'hrisly collection in the British ^Iiiseuiu. Very few- mortars 
have been found in neighboring statioiiK, Bcpide^s, ijchre pencils ex- 
actlv like the one fi-oro Font-de-Gaiime have been found in the rock- 
shelter of Les Eyzies. Soiuetimes a 6at pie<?e of whre i& cut in the 
form of a triangle* each angle s^^rving in turn as n peucil point. 
Home of tlieso pencils are perforated to be suspended^ and might 
well lie supposed to form u pail of the outfit of the artists who drew 
in color figures such as that of the two-homed rhinoceros previoussly 
mentioned. 

It inav bo that the artists who made their linme at Les Eysties 
decorated it^i walls also. ExfmiiUre would have obliterated these 
deenraiions long ago^ as it did those at Tjx GrcKe, which were not pm^ 
tected by the floi>r dep<Mita. l^ucky H was for present-day lovers 
of art and arehcohjgj' ihat their trogloilyte forebears had the gooil 
sense to seek at Font-de-Guiimo a more jiemmricnt gallery for their 
mflpter[>icc<^- 

The cavern of Calfvie lieloiigs in the Vrztre group and is situ¬ 
ated oil the left side of the Petite Bimuej some ^00 meters below 
liemifah The cavern, wluHi has two entrances* is I7t meters tvide b)' 
7 or B meters deep. Near the entrance are Iavo engraved figures of 
die horse, one of them recalling die work at Les Conibarelies. As 
die latter is HagHaleJiiau, this k probably Hagilalenian also. The 
other is in the style of Pair^mm^'air, which h well dated* because 
there the upper Aurignaciati floor deposits cover die mural figures. 

Tlie rock shelter of La CSrez^ k only ts kilometers above Eyzies* 
on tho right bank of the main fork f>f the Beune. I^rtunately some 
of its wall engrn vings have been pmtecte^i by die floor dppt>s!ts* As 
the latter contain an induiitry of Soltitrvau age, I with the autbenlicity 
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and the age of the engravings are establbhed in the some mnimer as 
at Pair*non-Pair. An engraving from La Gr5ze^ representing the 
first phase in the development of parietal decoration is reproduced 

in figure it. . i i j ■ 

Before leaving the eavems of the Veafere Valley it sliould be 

noted that recent disoovertes there have not been confined to mural 
art alone. The classic station of Les Eyaies is only one of many 
rock-shelters in the same cliff. To the oast of it only ii few rods and 
at the same level is the station of Peyrillc, yielding an indiistty with 
lower Magdaleniau facies, A short distance to the west of the Grottc 


des EysLes and at a slightly higher (2,50 meters) level is the rock- 
shelter of Escatifer, with lower Mousterian industt^. A few meters 
still farther to the west and on the same level as Esralifer is the 
rock-shelter of Audi, with a superposition of AurignacLan on Mouste- 
rian. Some 5 or fi miles to the east of this group of stations is the 
rock-shelter of LansscI near a chateau of the same name and also near 
the rock-shelter of I,i» Grize. E.vplored originally by E, Bivicre In 
1891, new excavations were made by Doctor Lolnnne in 1908. The 
Laussel section revealed in stratigraphic position a succession of lay¬ 
ers, including Acheulian, Mousterlau, Aurignacian in two separate 
horizons, and Solutrean. 



FlOh P.—of A Oinn- I'BTerD ol La ^tes« c Dortloffne J - ITInt plLBi«. 

Bnmll. 
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The station of Micoqiie, some 9 kilomi^ters to the northwest of 
Leaf Eyzies^ nlthoiigli discovered in 1^95, should mentioned in this 
connection because of recent excavation«^ by Haiiscr and others. 
Cartsiltiac nnd Hauser believe it to have been protected originally by 
an oi'erhsnging rock* According to Itutot it wiu? alvrays, as it no^v 
appears to bo, a ^tiou in the open. The iudtistty is Mousterian, 
with traces of a ruder paleoUlliic facies at the fjottom and .4urig- 
uacian at the top. 

One of the latest additions to the long list is the rock^shelter of Le 
Rut, ulxjut half ft mile below the celebrated station of Moustier 
and on the same side of the V'foATc River, excavated in 1907 by D* 



FlO. lO,—EofOTlnic of IJfiHJ «|M;lanu^ frem tbe nivrn ol Lm TejJtt, 

Gh™ii, C. C<mgr. Intfsm. d’ontbr. et pr€hi> toL i* 


Peytony. The secdoa at Lc Bin overlaps and Hupplements that of 
Lnass^l. It be/rins with the middle and npjwr Aiirij^ticinn, above 
which are added three Solntr^an horiitons and one Magilalenian, 
Otiier regions of the Dordogne have not lj«n neglected. The 
cavern nf Lii Miiirie and the rode,abclter of M^ge, both at Teyjat, 
are near Javerihae, a railway station on tlie tine between ifontron and 
Angniilfflaie. Some twenty yeare ago M. Perrier du Camo found in 
Mairie cavern Magdalenian implements and five remarkable en* 
gravings on stone repreaauing the horse and llie bieon. In 1903 
three groups of engravings (fig. lO) were diseoivercd on the walls 
of the cavern, and during the same year the rock &hdtcr of iKge in 
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the immedieie neigliborbociii was fir-st exploretl* Here there is only 
one nrehcological horision—middle SlagdaleniPti, eomjsixmding te 
the lower culture level al Lu Mairle. It is rich, however, both in 
fauun and industrial remains. The latter is ehenM-teriKed by the 
harpoon with a single latertil row of luttbs, the type that was abttn- 
diint at Goiirdan, RaymUJiden, and Rrnniquel (Plantatie)* In 1008 
jr. Boiirrinet found a I Mi‘ge n so-eaUetJ baton de command ament of 
.stag horn (pi. 11), CDV'ere<l with engraved unimal and semi-hujnati 
Hgurcs. The piece is the large basal pn)[ig of Cemua elaphuM^ nbout 
niip-thircl of a meter in length, Of the two jairforalions, one is 
nearly ronml nud the otlier, which is near the imijit, js,olliptic, Prac¬ 
tically the entire surface was scraped and engi-aved with figures, in¬ 
cluding the head of it doe, serpents, swans, semi-human forms, n horse, 
and a eolt. The engraving of the Itorsc ia among the most pains¬ 
taking and complete pKkolilhic rcprcsentatioiia of that animal (lig. 
il). The elliptic hole in the baton eiUa the left hip of the horse on 
one side and its right hind foot on the other, as indicated by the 
dotted lines. The iihort erect mane projecting fonvai'd beyond the 
ears is characteristic and the anatomy of the head, neck, and shoul¬ 
ders is faithfiiUy rendenal, even to the fossa above the eye, Tim 
heavy line buck of and below the eye is the sygotnatic areh; the i.wo 
parallel lines Wow it, reaching nearly to the taimer of the mouth, 
mark the position of subcutaneous organic and do nut represent a 
bridle. According to both Cartailhac and Breuil, there is no evi¬ 
dence that the horse was domesticated in imleolithic times. Marcel 
Baudouin notes a striking similarity between paleolithic repru- 
fientations of the Quaternary horse atid a race of small horses still 
living on the lie d’Yeu (Vendee), lids race by reiuson of its isola¬ 
tion" has perpetuated its primitive type: Largo pendent Iwlly, short 
head and neck, and erect mane. 

Tim envern de La llidric has furnialicd some interesting bits of 
evidence bearing on the aiUheiitU-ity of parietal ciwrorations. Tn 
the floor deposits are two Ufagdaleiiian horiiioa* with a sterile layer 
betwetm. Wall engravings were left by the first occupants. In the 
course of time, w'ith tlie loosening of plaques of stalagmite, some of 
these engravings were removed. A small fragment of this sort Iwar- 
ing liic tail and hip of a bison was found in the lower Inver, Later 
u larger fragment with the rest of the hbson was found in the sterile 
deposit that coverii the lower archeological horizon (middle Magda- 
lenian). The two pieces united are seen in figure 12. Other blocks 
of stalagmite were found to enclosi‘ engravings and when properlv 
ifplil dUcluscKl their negative imprints. The feet of a liofi» that are 

"Tlu! lie (I’Seu was a part of tbe raalalanO until coar the cloao gf Uil* 
QnntemflTy. 
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niissiDg from om wall an^Aving wi?re found in tb« upper Sfagda- 
lenian floor deposit} proving ibot tbe drawing in question was 



least as old as the deposit enclosing it^ and may have dated fi-om the 
first occupatiwi of the cavern* 


RffqvL l«»—MMCuie>. 


Flute 11. 



B/uml Promg of Stag HORh^ PERFoftiikTED AhQ Covered ivith Ehoravinq^ 

ONE OF WHICH REFRESCNTa THE MO«SE (SEE FhIL hi FhOH THE ROC^^ 
Shelter of MIqe at Tevjat. Atteh CapitaNp Sreuil, BouRRiitEt, ano 
pEVRoitr^ Rev, de l ^cole d'antihr, de Paris, 19, 1909. 
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If further evideuce went iieeded to establish the authenticitjf of 
paleolithic niursl decorations, ont need only cite the cavcnl of Paii- 
noii-Pair where rtJdo deeply incised engravings were revealed on 
the walk oiJy after the floor deposits of upper Auriguacian age that 
covered them had been removed. The ciigravitigs, therefore, arc not 
(»nly authentic, but dated as well. The same sort of evidence was 
fnniklied nt Ln fireze. There the [jarSetal engravings were covered 

bv tIcK>i‘ deposits of Solutr6an age. 

"tIu* excellent preservation of these parietal works of art is due 
in many cases tu the accidental sealing up of the caverns toward tile 
close of the Quaternary, This was the case not only at Alt ami ra, 



but also at Marsoulas (Hante-finronTie) nml Teyjat. Thai frescoes 
and engravings are not found on the walls near entrances that wetv 
never i-eated, but do occui’ at safe distances from the envern moutlis, 
is at least negative proof of their antiquity. For the first 60 meters 
at Fonl-de-Gaimi«, one finds no mural art (sec fig. T), and the 
anterior barren stretch is still greater at Lcs Combarelles, La 
jtfonthe, and Xinux. 

.fudged by its parietal art, the cavern of Marsotilas (llaute-Ga- 
ronne) is a connecting link between Altamira and the Perigord, 
Gironde, and GarJ group of caverns. Slarsoulos had been explored 
from 1880 to 1&84 by the Abb^ Can-Duiban, who discovered Solu^ 
tr^an and Magdalenian hearths in its Horw depoaiLs. At that time 
he saw certain rwl outlines on the walls, but supposing they could 
not date from paleolithic times he did not mention them. The dis- 
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coveries ni Moutb^' led to Fells ltegnault’^3 fiiieci^fnl ^pcircli in 
1S£>7 for iTtiiml url ni Mat^>ijliis. In 1902^ tlironpli ft sub vent ion of 
the iV-cademie des Inscriptions et Cartuilhiic fttid 

Bronil began their study of the caTem which opens on un idHitent 
of ihe Saint* Alioiit the close of the Jfngdaleniftn epochs the iiute- 
rior purl of the Mnr^onhis cavern lUkd by ft fnll of earth uikI 
stone^ thus ncronnling for the complete nh^ence of neolithic culture 
and the |oiod prc^rvuiiou of the vfall decco^tions. 

The |irincl|iftl nimiljor fourteen and coiuprii^e ffis horses^ 

six bisonj one wild goal, and one ileer. f)f the more tlian one 
hundred part in I figures, a majority represent the lusoii. Here* 
as clsewljcre^ are found problematicul figui'cs that tiiighL be coii' 
strued fts cftricatuies of man. The details of a hne polychrotue 
bisont pflintad over a partially ediiwl series of hgures in lilaek^ ai-e 
exactly similar to those in llie polychrome frescoris of A It ami n± und 
Fojjit-de'Gaume^ 

One curious figure of a bison (ph 12, lig. a) is done in a peculiar 
technique. The head was find engraved, then painttHl reddi-di brown, 
the horns reniaining without color. The eniirc IkkIv was filletl in 
with dots or Muall spotH carefully arrauj^NL as if done with the point 
of II brush. At Mar^^oiilns there arc at least thi'ce distinct layers of 
wall decorations^ prohubly dating from the AurigiiHCian* Solutrctin, 
and lower Magdalen inn epocln. 

Thvt large enverne des Forges at Xianx (Ar^^ge) is about 4 kilo¬ 
meters from Tuniscoii. On ntx?oiint of its sixe Xiaux has for a long 
tiuifi ticen looked upon as n sort of show place. In Ifi-BH Doctor Gar* 
rigou noted the presence of drawings on tlie walk of this cavern * 
Thev wera mliJicovered in 190G, I'his is another one of the caverns 
lanng explored by Cartailhac and Breixil* at the ex|>en,se of tlie Ara- 
d^Jiiie Imacriptions aifd by authority of Ute Adjuiiufc-tration dfi^ 
Eaiix et Fnreti^, 

The narrow entrance Is ItK) meters above the Vic-de-Sos, a tributary 
of the Ari^ge* The cavem has u total letigtb of IJt^l meters. The 
Ix'st specimens of nuiral art, including fine drawings and engravings^ 
are in the rotunda at a distance of 7T2 meters from the entrance, 
Tliev are grouped on the ceiling as well as the sUIph* Figures of the 
bitwn. thirty in ruiiuljcr. prc<h}ininQte, The horse, wild gcMit^ and 
sing are also represented. The drawings are outlines In a sinpk 
colort usually blacky in which stylo of art Nimix excels. The niediuiii 
hi presumably ii mixture of cliarcofll and oxide of manganese, to 
wluch greft^ or oil tiiay have been added. It was tipplied with a 
brusli. Xcarly half the animals orv rejire^ented as having arrows 
Iph 12, fig- sticking in tbclr f^ides. It is suggested that theso may 
Ije votive figures symbolizing the hunteris hopea for success in the 
chase. Both dmwing?i and engravings are wonderfully well pre- 




PUAtt 12 , 



Fki. 4. Bi3CNS^ "nHE ONE ON THE L£FT IN RED, THE tSTHEflS IN 

Shadiho oe two ih Qusncumx^ Cavei^m of Masscujuas (Haute- 

EiAROHKE). AFTEfl CahTAILHAC AND BnEUIU, L'AHTHfl., IS, P - 439» 
1905 ^ 



Fw3l fr. Larqe Bssoh wth fquh Arrows m Its Sioe ithe two Lateral 
Ones are in Reol Cavern of Niaux < AfEE^OE}-+ About af^teh 
Carta^lhac and &reuel« L'anthr., t9, P. 29, 1908, 
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served bj^ rtfisoti of ibcir distaiTce from the entrance, the ab^lute 
cftlm, and the uniform temperature of air and walls. 

One tif the striking featiirtss dIjouL paleolithic art is tts realism. 
Tliis is esiHanally true of the phases leading to the i«nod of its 
highest development. Recent investigations confirm in the mam 
pfette’s views as to tlie evolution of Quntemarj- art, although the 
siiccessive stages overlap more than he had supposed. Sculpture ap- 
Dciirecl m the lower Aurignacian, but eontinuHl without mtemiption 
through the frnlum'an ami to the middle of the S!ag<lalonian-a much 
longer period than Piette had in mind, .\lthoiigh beginning but 
link earlier thiin engra\-Tng, sculpture came to full fruition first. 
Engraving, on the other hand, developed more slowly iit first, not 
resehing its zenith tUl the middle Magdalenian, when it supplanted 

The sculptor's problcni is in many respects the simpler, Uis oppor- 
lunitv of success giHialer. Not confined to a single aspect of his 
model, he lias as many clumces of succeeding as tlierc lUt pnglcs from 
which to view his work. The engraver or iwiintrr, on the other hand, 
must sciae the Ukenesa al the first attempt or else fail Hm m^cl 
was almost always an auimtil form, generally a (jiiadru£Md. The 
most striking, u» well as the most complete, single aspect of a qiiad- 
ru[>ed b its profile. ITiia happens to bo llta view that cun be most 

cusilv reprsaifinted on si ptmie surface. 

Ill dealing, however, witli the huniirn form the problem is more 
complex. So far as the bead is concerned, the profile prt^nts fewer 
ilifiicuUiea ami at the same time is quite as eUanicteristio as the front 
view. With the body it is just the reverse, the view from the front 
being the moat complete and characteristic ns well as tlie easiest to 
niiiTuige. Tills element of complexity in a given aspect of the human 
form must have confused the primeval engraver and painter not a 
little, altbotigh it not of such a nflturi* us to disturb the ^ulptor. 
Herein mav lie the reasons whv the latter cliw* us models man and 
four-footed" animals indifferently, while the formers predilcctioiis 
for quadruped forms were so pronounced. At any rate, the fact is 
tlmt a large majority of paleolithic engravings and practically all 
the paintings are animal profiles. The earliest ones arc in nlisolute 
pt^dik, thus simplifying the problem of representing thu legs with¬ 
out materially detracting from the general effect. 

By degrees' more freedom enteral into the exccnUoii of the figiirea 
and more or less successful attempts were made at bringing out de¬ 
tails of anatomy by mcatis of incised lines or color or both. The 
nrtist, however, retained his predilection for profiles. Attempts at 
rendering any other aspect are rare eiven in the Magdalenian. < hic 
of tiie moist ^editabk efforts is the front view of a reindeer incised 
pjj a piece nf reindeer horn {fig. 13). That the artist was ignorant, 
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lioweveft of the lam of perspective h pamfiilly evident* This ijpeci- 
jneti is from the Jower Afiigdakniitri horizon of the cavern of Goutdan 
(Hamo-Guronne). 

In the isame layer at Gourilau was found r not her fragment of rein¬ 
deer horn with panel engravings that are of more than parsing inter- 
est (lig, 14). Tliat the doesa] view pre^nted difiicuUieij ])erliaj> 5 i 
oven gi'eater than those of the front view seen in the upper left* 

hand pane!. The model in thi« cam 
was a bovidiafi, ITiig was a daring 
artist who dunglit diffiruHios he was 
niinhie to overc^^me. ^''eitlier was he 
afraid to arknowletlge faihire if stieh 
it was coniddered at tlie time, for KisJ 
signature appears in two j>hices— 
above the left horn and oppemte the 
left shoulder- The adjoining panel 
with dsh (pike) in projlle is also 
idgned in two places^ but by another 
artistj who<^ signature, composed of 
iin oval pit with four smaller ones 
above it, is not unlike a four-pointed 
wmet. Of tile two lower paiiek 
only tlic one on tlie right is adorned. 
The principal tigure is tJiat of a ainall 
antelope running. The body is in 
profileT while the Iiesfl is turned fmjn 
(he beholder. Tho posterior coiivc^t- 
ity at the base of each ear is indi- 
csted, as it was also in the bovidian 
of the upper panel. The head of a 
hor^ viewed from in froitt is seen 
jUBt above the antelope. The front 
view of the head alone presents fewer 
difficulties than that of the entire ani* 
innL as is attested by engravings on o 
wand from the middle M^gdalenian 
deposits of the roefe^sheher of 
(^^*^dogne)^ The ariistV represeii- 
tation of a deer^s head was so successful that it was repeated with 
slight variations four times on the stiflft of the slender wand (fig. 
1.^)* Jinny repre^ntations of the front view are so diflgmmmatie as 
to l» scarcely reoogpizabki. Soma of the processes that lead to con- 
ventiohidisni are simply short cn(s to the artistes goal the goal beini; 
to cTinvey a given unpre^sioit. This can often he done better bv 
evading difficulties than hy mreting them. The paleolithic arti.^ 



lit.—rltwpiS fFPm Id 
frrjOf. oA tvj£iiilwr bffra. 

Fraa Ibr luWwr Slaidiileiilifi dc- 
podtii^ CMTViTL af Onordid (UAat^ 
Oironnul- Aft«ir 
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soon foijiid this to be true espocifill^^ of Hie fmul ond doml viewp. 
Even )iijj favorite profiles did not escape the imivctml tendency 
particularly when 
they dealt with 
groupings or henla 
of aiiiiiiulM. An ex¬ 
cellent example was 
recently discovered 
in the cavern of 
Slairie ut Tey- 
lat fDordogne). It 
of 


fercntiatecl nfs is also 
one at the rib’llr* Tlic 
space between h 
filled in by cross- 
ha t chi iig dniilar to 
the liodies of 
leaders, repre¬ 
senting therefore 
the iind i ffereiit ialed 
bodies nf those in 
middle of the herd. 

Above rises a forest 
of hums. These be- 
iiig the most chame' 
teristic feature of 
the animal are exag¬ 
gerated as if to make 
lip for the artist's sac¬ 
rifice of detail with 
resjject to body and 
limbs. The entire 
group is delicately 
incised ou the radius 
of an eagle that was 

found in the upper eaBwlnj?* QD ik p\^ qf r4l£uieqr hors- 

Magdalen ian layer UasrdHiliJ'E^liiti, of GnUrdui iBnote^iaPiiBiiel. 

* . , rt Vital*, Ufthlbrn V(ri. IE, p. UH^^. 

of the cavern floor. ^ 

A work of »irt similar to (he foregoing hut engrave<J oti a frag¬ 
ment of i-toJie and rejJFesenting horses- Jn-slead of reindeer wiis found 
many years ago in the cavern of C'haffiiud (Vienne), The sturfuce 
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tbf ihan <sf * 

J^ldinc ^ftiilp|i?l3lflti4 

tliwitP, Iliffr. dir fKcal^ 
ITAPttir. do PmIOp 
I fl, iL 20 ^, llMHl 


of tbt stotio is divided into two panels^—nn 
wpper and a lower. Each panel ist filletl by a 
herd of galloping horses—eeventecii in one 
grtitjp and eighteen in the other. In both 
panels the horse at ondi end is conipJetely 
traced* Tliose in lx?tween are represent etl by 
contour lines of the heads, necks nnd forefeet 
onl» giving the efFort of an onlerly com pact 
squadron of cavalry^ in action. The original is 
said to have disappeared hut Cartadiiac* has 
reproducErd it in negative from an cstampage. 

From the beginning of the Magdalenian 
epochs symbolisin l>egan lo play an importaiil 
role if] paleolithic art. According to Piette, 
hymlHibs are figure^ or images employed as sigiiK 
of objects; therefore diey represent words* In 
the prix!ess of time the words were divided into 
syllables, the ^1 tables into letters; the same 
signs have designated successively worcb^ syl¬ 
lables. and letter^* Among the earliest paleo¬ 
lithic symbols are the dotted eii'cle, the lozenge 
and the spiral or sigmoid scroll. Tlte first is 
supposed to be a siiii symbol. It reappears as 
an Egyptian hieroglyTib, iiIphj on dolmens and 
ineniLirs, on bronze age funerary iim .<5 and 
ornaments of the fir^ iron age. The circle 
without the dot passed into the uncierit alpha- 
l>ets and frenti them into moflem alphabets. 
Thtf lo5&erige was employed as an arthit^s signa¬ 
ture. Tlie spiral has flouri^^hed m all succeed¬ 
ing ag<s and like some other syuibolB may have 
developcfl independently in various ages and 
lands. 

Piette distinguislies two successive sy stems of 
writing in ihn ilngdalenian—the first hiero¬ 
glyphic and the second cursive. He believes the 
latter was derived from the former, but admits 
that drice symbols are creatures of convention 
they may have been froiu the beginning figures 
formed by geometric Unas instead of Iwing sim¬ 
plified images. An example of cursive writing 
dating from the Magdalenian epoch m given in 
figure 17* it is from the claii^ic station of Iji 

« t^mitlimpoloKf#, vol. 14. 177. lOOCi, 
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Madeleine (Dordogne), The inscription is composed of eight mps, 
some of which resemble certain letters of the Phenician and ancient 
Greek alphabet, as well as Cypriote 
signs. AMiile these may not have 
been real letters to tlie Magdnlcn- 
ians, they did become so in puling 
from a minbolic and phonetic stage 
combined to one purely phonetic. 

The Brst sign resumblea the Phe- 
uician guimcl. the gamma of ancient 
and modem Oreeb and u sign in 
Asylian writing wliich dates from 
the epoch of transition between the 
paleolithic and neolithic. Allowing 
for some negligence in cseciitioHj 
Uie second sign ia comparable to the 
Phenician the alpha of ancient 
and clusaic Greek, and A of our own 
alphala-t, TJie third character is 
the Phenician giiimel, the (^inma of 
■ ' ■ ' classic f ircck- The 

Slime as the third, 
ontv' reversed. IJils is also found 
in iJie A.sylinn. Tiie fifth and sixth 
signs are alike; they are compa¬ 
rable to the letter 1 of the Lycian 
alphabet and of the classic Greek— 
the «pii%'alcnt of the Cypriote sign 
go. The seventh sign, which is also 
found on one of the painted pebbles 
of Mas tPAzil, resembles tho cliar- 
acter ti. di, thi of the Cypriote al- 
phaltct. The eighth character bears 
some analog!’ to tho Cypriote vi 
or yi. 

Cursive writing was developed 
still further during the Asylian 
epoch (fig. 18), which is the con¬ 
necting link beliiVccn tlie paleo¬ 
lithic and neolithic periods. The 
transitional character of this epoch 
is revealed in both faunal and indus¬ 
trial remains; The fauna is com¬ 
posed entirely of species still living in temperate regitHis. Asylian 
culture is a heritage from the ilagdalenian. It is characterized by 
4BT45*—SMlOOe-ST 
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Hie Jtp|K'«rnm<e «f flat, perfoniteii harpotiijs (6g. 18) itmcie of stag¬ 
horn, that replaced two successive types of Meic^claleninn herfiooiis— 
the older with s single row of liiteral iHirbs and the youugvr with 

two rows of lateral bar Its, The strtili- 
grnpliic position of the Asylian, te- 
j i~ffrf-vjP/y^Vj ^l ^ fl posing on the upper ifagdnlenian, is 

. . ' ' ~ ill harmony with the cultural and 

faiinjil elenientti. This is tlw horizon 
of the remarkable paintiKl pebbles 
(fig< IS) found in (he cavern of Aias 
I’iVzil” (Ariege), that have thrown 


fc'^ra. ]T,^IiiBCT|pt1un,. from tbe iipp^f 
dn^nf^f. After S^rttr, L'ftQthr., 

ml. 15, p, liH, 


so much light on paleolithic systems of ^vritiiig and their cvnvnec- 
tion with subsequent sysletiis. According to Pietle we are indebted 



Fit*. IS.—JWrllAP cPlttil^. rrom tbf fSTOm of d'Ajli IArih .1 ihu.. 
hirpooDi «f «a, horpj ,»hWA, -iti »ra.rit«i 

■rit>ai Df Wrttlms. After lIonrtifK, Oe, dUsT. ” 


to the Asj'Jian for .a least a doMn symbols that have come down 
W the clo^ of t he Qnatenaiy through the Plienioinn, Archaic 
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and classic Greek* Lfllin and LytUftn. Discoveries of the psist few 
years have added appreciably lo our kiiowledpe of the Asylian* 
One of these at Ofnet (Bavaria) will be di^iciissed in the following 
chapter. 

Iir^IAN [CHAINS. 

The decade has witnessed the discoveries of skeletal remains of man 
that, have added much to oiir knowledge of the racesi inhabiting 
Euro])e during the Qniiternary. BecaUHc* of the stnitigrapliir post* 
tion in which it was found and of its soniatoiogical characters^ the 
human lower jaw discovered by Dr, Otto Schoelcnsnck * on Octolwr 
2lt 1007^ in a sandpit near the village of Maiier. 10 kilooielers -south¬ 
east of Heidelberg* ranks as the mast importunt single ftpecinien, 
Mrtucr lies in the valley of the ElseiiK, n tributary of the Nceker, The 
human Iowet jaiv was found in situ hi the su-ralled Maucr sands, at a 
depth of 24.10 meters and 0,8T meter from tlie Ijottoiu of the dejmsit. 
The first I0,D2 meters at the lop of the sections are coin[JOSiHl of Ica^^Sj 
which is cla.wd ns upfjer tjiinternarv, while the *^faue^ sands forming 
the rest of the section are lower Qiioterrmry. The loess ilsidf repre¬ 
sents two distinct |>eriod9^ nn older and ei younger. 

The horisfon (fig. llJ) frain whicli the human lower jaw* came has 
furnished other Jiioirimalinn remiiins. imdudtng Fclis Frik 

CamE^ UrsuE arvcrumErtJt. Sue jfcrofa var. pri&f^ux, Jafi- 

frons, CoEi&r Frpiffs^ elrmcuEj ami Eh\p/iUB 

SchtieLenipflck likeiiK the fotitil niamnialiaii fauna of the ilauer ^ands 
to the pri^glacial Forest lieJs of Norfolk and the iip|ier riitH^ene of 
southern Europe* Hiis is particularly true of tirmruE, 

and the horse of Mauer, which is ii Inm^ition form betw'een 
Bienoms and the horse of Taiibai-hf l>ot|i of wiiich may be 

referretl definitely to the Pliocene. The rest of the niammalinn fauna 
belongs to the lower Qu atom ary* 

The coexistence of mail W’itli Eh'phaA antiqmtjt i\i Tauhach. near 
Weimar, gave Schoetensack special reasons for expecting to find 
human remains also at Maiicr. The possibility of such ii discovery 
imd kept him in close touch for twenty years with the owner of the 
sandpit. Herr J\ Botrclu The discovery w as made by one of Ihe w^ork- 
men. with w^hom at the time w'ere another workman and a boy. 
Schoeteiisark immediately informed, and mrriveil the foil owning 
day. The lower jaw- was intacU but the stroke of the workman's 

"Der tiDterkSofer Homo neUlcThefirFnJilii nm rifTi ^ntten van Msder bet 
HeldeUscrK: Eln Beltran zur PaiaontolafUe rti«i :^Ief!^iciieu. von Otto ^hwten- 
sntk, .MU 13 TOfcln. UAmn 10 La LIctlMmck. LelpKCi^: Vetlag von WUIticTm 
Engelnmnn. lOCi& 





Jb’iu. Mfiuer. Tbc wm IbudiI kI tb# iiwt niHrb^ with H 

rtpa^ Aftf^ T/Bt«flileCpr d« flocn^ iTclditllt^fpelails, Tiif- tX* Lfiip- 

rerbaps tlw lirst thing tn iittmct on^i's altention is the nbsenre nf 
a ehin (pL 13). The region of the isyniphysis k snmewhut giiril- 
loiclj while the Hscemling rninos suggests mther the gibiioiu Tlie 
teetht imwever. have u (Iktinctly human stamp, not only in ihoir gen¬ 
eral appearance, hut ahcj in point of 5iiE4j^]|irger than the averuge. 
but sniolkr than iti exceptional to Imj found aniorig the Aita- 

tralians. for instance* One ia impressed* in fart, by tjio relative 
^niallneFa of the teeth eotiipared with the massive jaw in the onm 
of Homo ftctdeibcrffenm- The alveolar arch Ls almost long enotigh, 
for excimple, to allow space ffyr a fourth molar* I note<l the same 
phenomenon in a collection of rwent cranio fmm GaKclle Peninsula, 
New Pritoin,' In one of these the alveolar arch of the upper jaw 

4Aoierlcaa AiiUiroiioIoalst. 1002, a, n., vn], 4^ i7'4^ 
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shovel had caused the two halves to separate along the line of sm- 
physis. It was diseolnwl, and marked by incrnstalions of sand 
exactly as are aJJ fossil bones from the Manor sands. A Umestonc 
pcbhlJ was so firmly cenientod 1o the left half of the j«w, fovering 
the prcmolars and first two molars, that the crowns of all four stuck 
to the pebble when the latter was removed. Both the juw and the 
pebble wen* marked by dendritic formations. 
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project-'^ 12 millimetets beyond the third molur, while Uk? averngie for 
the Dialea is 8.6 millimeters. Respecting the series of lower jows, I 
quote from my paper reail in 1902: “ The third mohir Ih geilemIly sit¬ 
uated well in front of the ascending ramus of the lower jiiw, ivhen the 
jaw is so held as lo bring the anterior margins of ilie rami in a line 
with the ei'e. With the jaw^ held in this position, the entire crown 
of the tliinl molar can lie seen in 13 out of a total of ca^s-“ 

The crowns of the teeth in the Xlauer npecimeti ate worn enough 
to show' the dentine, proof that the individual liad reached the ndult 
stage- All the niolars, except the third left, have live cusps. The 
tcndeircry in recent man is toward a fonr'Cnsp tyiH* for the third 
molar, if indeed there lie a third molar. The breaking away of the 
crowns of four teeth on the left side tended to facilitate the study of 
the pulp cavities and the walls. This study reveals the fact that the 
dentitiem of U&mo hi:idetfi€rf/tmis repre-sents a youthful stnge in the 
dentition of the moflern Eiiropeain That is to say, in the ontogeiiy 
of the latter, a stage representing adult denial characters when the 
roce w'as young is ncjvv reached at the age of from to 14 ycai-s. 
This is not an anihnipoid character, but a primitive hunimi char¬ 
acter—another reason for leaving the anthropoids to one side in our 
!ienrcli for the uiicestrid form and the origin of genus HomfK 

A study uf the coriJiiR and ramus mandibuUe reveals at once a 
number tjf jioints of divergence from tlie niiHlem European. The 
liody is massive, and rdntively long in pvoporHon to tlic liicondylur 
bread tin hs greatn'^ii lieight l^eing in the region of the fiv^i and setxuul 
molars. The basis niandibulEr, if applicfl to a plune, touche? only on 
either side nf the sympliyHis and near the anguhis, fonuing tlnve gen¬ 
tle arches—one median and nhort, callcil hy Klaatsch incisuiii sub- 
mciitfiiist and two kteraland Jong, to which might be given the name 
incisuni Ixisiluris. The hitler is see^n to gixxl advantage also in the 
chimpansMK*. 

The ram us is characte risked by imusual bn^adtli, 63 millimeters as 
opptFsed ii* an average of 37 for receut examples. The angle formed 
by lines tangent to the basis and the posterior border of the raiiius 
b R>T°—smaller than the UA^eruge* The j^rtwessus coroiioideus h 
exceedingJA' blunt, and tlie ineiHura mnndibtdie eorrc^pondingly sluih 
low. The conflyloid process is noteworthy f}n lu^oimt of the extent 
of articular siirfuce. due to an increased LUitero-posterior diameter 
(13 fliitl le iiiillinicters), since the Inmsversu dhimetcr is relatively 
short. The ncirk ctjnstrictitm is vety sligl approflchitig in this 
respi^ct Lho anthropoid forms. 

The firnt fossil lower jaAv to attract Avorld-wiile uttentioit on ac¬ 
count of il^ primitive characters ami associnfirin wdth remains of 
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the mammotb and rhinoc&fos, Lliat found in 1 S(j6 by Dupont m 
the cavern of Lji Natilette, valley of the Belgium. It wilh 

only [I fragment, but enough remainci:! to demonstrate the cotupleto 
fihsenve of eh in mid the nature of the dentition. Its kinsliip with 
the man of Seanderthfil, whose lower jaw could not be founds waa 
evident. It lended therefore to legitimatize the latter, which 
hitherto had failed of geiirral reeognitioiu The fortunate assotun- 
lion of skull with lower jaw came in ISBK^ when the rental uh of two 
individuals were dmwvered in the cavern of also in IBelgiunn 
Tn the same layer were fonnd not only remains of the mammoth and 
the rliinoceroiiij hut also an industry of the Monster inn 

Among the human temains found in iMd by Profe^wGorjanovi^^- 
Kratnberger at Ivrapina. there atie parts of a number of lower jaws 
that Ijear the same racinl eharacteri? as those of I^i N^nulette and Spy. 
They were also assoriated w>lh a ^lousterirui induKtry. liisleud^ 
howT'ver. of tlie /iVAor/iinrc?, as at Spy, thera were re¬ 

mains of RMnocemit i 7 ierr?A'ii. an older type. This may l^o accounted 
for by the fart that ro^ would persist longer in the 

south than in the north. 

Tliat the lower jaws of Xaulelte, Spy. f»ud Krapiua repr^rt 
one aud the same si age in the evolnliou of Uofno there is no 

longer any doubt. Thnt thia stagi" is intermediate between recent 
mail and lloffto At a raicfnl coiupiirison of the speci¬ 

mens in qiKSntion furnislie-H ample proof* The lower jaw from 
Mauer is iherefort pre>Xeomlerthaloid. That it also exhibits pre- 
aiithroyH>iil cheiractera gives it n fund nine ntnl p^iailion in the line of 
hmoan evolutiom Doctor Sehootensaek Is to l>e congratulated on tu^ 
rich rewanl for ii twenty years’ vigil. 

I’hc lower jaw*^ of the Xeanderthah or so<alled primi^eniuSj typ. 
meniioiied above, w'ere all found in cavern or rock-shelter deposits. 
Thc^‘ ratinof lie definitely correlated with rlver^drift and lo^; 
hence wo cannot measure the lime that separates the umn of Spy 
fitim fIow& AcjV/c/^/L'r^cjjJtiV. Judging from soinalio ehoracters 
alone, the lime separating the two must have btren considerable. 

The Mouslerian industry which is found assticiated wuth 
primiffenhiv occurs in depofliis that mark thet closi‘ of the middle 
Quaternary* and also in caveiii deposits corresponiling to the base, 
of the upper Quaternary. It Ixdongs to the transit ion from the Biss 
glacial period to the liiss-Wunn interglacial period. At Wild- 
kirchli, in the Alps, it in frankly mterglacial, a station that probably 
Itelongs to the close of the ilousteriiiti e|K>cln 
The [Kisition of the Mniier lower jaw near the bottom of the old 
diluvium, and it-s a^ssociation with the remains of Ll^phm 


* Snr iip|irii3tinaa tfis c3oi**b llic !Maui.T ij’ix* tltuiii (lai*K ICraii^na. 
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»n(l ^^nnscujf^ for it ii pldcv at l^iist us far buck as 

(he lower Qu^itcrnnry. But the indiistiy of the lower Qiinternary 
IS eoJhhkv the evolution of the Chelle^m type not tokin^ plnee iinLil 
the tniddle Quaternary^ One woubl ivtpcct to find ^lufilean induis- 
Lry iu the horizon of 7/«jriw hrMelbenjamh and this, nccordinir l« tlu^ 
hilest reiKU't, is whul Brofussof Scdiueten^Eick has .sucreediJ in cloinj^. 

Diiriiijy: ihe sonunor of IfMjS, Herr O. Hauser finiiid purl of it 
liuinan skelelon* including the skulk iu the rlassie t-lulton of 
ifrmsiier Thh siaiion, belonging to n wonderful series of 

paleolichic sites in tlie valley of VcKcrc, Fniiice^ has l>eeri known 
since the evplonitions of I^irtet and Christy, 1803-181X5, Iluiiscr 
very wisoly ilelayLnl the rtmioval of tin' Inunart renuiiiis from tlir 
cavern of Ia' Monstirr until after the arrival of a party of Gertnan 
Linthtx>j>oIt9gibt^, indniling Professor K1aatS(-l^ of Breslau, the party 
going cJim-t from tVie Oerniiin Anthropologiiml CongreiiiS held ut 
Frankfurt during the first week in Augost* 

llftuseris discovery was made in the lower cave at Tjg Moustier^ 
niid includes not only an almost complete skull (pL 14^ figs, Oj h) 
but also various parts of the skeleton of a youth of iihont to vearvL 
At this age*, win not he determuml fixini the bones alone. The 

race dnirarlers also «re not so distinct as they >voiihl be at full 
inuturily; but they point niiiniatflkahly tn the type of Neundertal, 
Spy, and Ivraj>ina—the sf>-cal!ed Homo prhnigenim which lunv ulst^ 
bewmieii ll^mo momfi rimtfk. It was a rather siocky type, robiud 
and of a low stature. The arm^ niiJ legs were relutively H^hort, 
es]>ec;any the forearm ond fiv>m the knee down, iis is the rafH* amimg 
tfie Eskimo. Ape-like charaelerH are uoticeable in ilie curvature 
of the ra<Hns and of the feniiir, the latter Iviug aUo rounder in 
seclifin than is the cast? with Hc/mo »apirm. fn the rctrealinj; foiv!- 
head. ]>roiuim'iJt lirow ridges, and prognathism it Is apjiroaehed to 
some rAteiii hy the iiiodeni Austr^liaii, The industry associated with 
lids skeletoii from Ta? iloiistier is that typml of tlio Moonierian 
epoch. 

A discovery of paleolithic human remains was made oti August 
3, l?irj8, by tlie Ahl>fe iJ. and A. BouvFifionie and L. Bardon, assisted bv 
Pool rJouy^Tiiuiie, a yonuger bixither of the first two, Tt is in monv 
r^p etrt one of the most saniisfactory, particnlnrly on aiKJount of iliV 
pieecH being so nearly complete. The h)cfili(y is the vilkgu of 
Ghn|M.dle^uii?£-SiijnU 22 kilometers south of Biive, in tlie department 
of Cwri^e, which forms a i>flrt of one of France’s cclebnitcd cavern 
belts, including Dordogne, ChareiUe. and Gii'onde to the west 

Tlie diseoveij tit I^i Chapelle-an^-Samts was made in a tavern a 
short distance fioju the entrance, it includes not only human Umes 
loll also stone miplements and the renmim of ihe Aiindcer, Buon' 
Hquiftt, Ot^pra ihrx, Rh^noc^r^nji tichorMnajt, foi, bird. 
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Thilt this mity liHve beeji u liuriul is sugg^sttKl by the disposition 
of the hiiitiuri retniuiis which seemed to lie in a rectajignltir pit sunk 
to II depth of 30 centimeters In the fJ«ir of tlie ca^'ern. They were 
covered by a deposit intact 30 to -iO centimeters thick, consisting 
of u nmgma of boiiCf of i>tone impletnenis, tmd of clay. The stone 
implementH bcloug to a pure iVousterian industr}', miile some 
pieces su^"es( n vague survival of the dVcheuliaii implpnient, others 
presage the con ling of the Aurigiiacian. Directly over the hum an 
skull were the fool hones, still in connection, of a bison—proof that 
the piece had been plaecil there with tlie Hesh onp and proof, loo, tliat 
the deposit hud not t>een distnrljed. Tivo hearths were noterl aLio, 
and the fact that there were no implements of bone, the iiidiisiry 
differing in this respect from tliat at I*a Qiiinin and Fetit-Puyiiioycji 
{Chareiite), os well as iit IVildkirehli, Switmlund. 

The hnnian bone.^i include the crsjiiuni and lower jaw* {broken, 
but tlie pieces nearly all present and easily replaced in exact posi* 
tion), a few vertebite und long-bcincs, ssevernl ribs, phalanges and 
metacarpals, clavicle, astragalus, cukaneum, parts of the scaphoid, 
ilium, and sacrum. Tlie enacmble denotes an individual of the 
male sex, whose height was about l.UO meters. The condition of the 
sutures and of llie jaws prove the skull to be that of an old man. 
The craniujii i.s dolichocephalic, with an index of 7S. It is snitl to !» 
Ikticr in the frontal and cKX'ipjtnl regions than those of N’eandorthal 
and Kpy, 

Ikyond the hiss of teeth, due evidently to old age, tlie skull U 
so nearly intact as to make possible the application of the usual 
craniometric jinicrdure, thus leading to a more exact comparative 
study than has Ikhlui pnssihtc, for example, in all previously iliscov- 
ered jialeolitliic hiitnan skulls dating from the same puriml, not e.X' 
reptlug even .Spy and Homo This is particularly tnie 

of tlie basi-occipilal region, the upper j'aw, and the fa«f-liimc.<4 fpL IR)- 
\Ve are thuReiisliled to supplement our knowledge of Monster ion crani¬ 
ometry at several jioints ami to correct it at others. This is the first 
case, for exnmph', in which the foraiueii magnum has been preserved 
in human eriinin of the Mciiisterian type. It is found to be elongated, 
and is situated farther liack than in modern inferior races', The 
character of ihe iiiion niui its relation to the cranial has* is reveskd 
for the Jihrt time, 'rlu-re is no external occipital protiiberance, hut 
the liiiea nuchiv superior {torus occipitalis trnnsversus) is well 
marked, 't'hu char act it of the surf ate in the nuchal region iiidicatis 
that the muscles here were highly iieveloi>ed. The palate is relatively 
long, the side^ of the alveolar ureh being nearly panilkl; tliat is to 
Say, the palate is hypsiloid^one of the two characteristic sitoian 
forms. Boule also notes the uliseiico of the fossa canina. The noae. 
separalcfrl frum the prominent glaiiellfl by a pronounced depressjon. 
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is relatively short and bread. The lower jaw is remarkable for its 
size, for the antero-poeterior extent of the condyles^ the shallowness 
of the inclsimi mandibiilee, and the absence of chin* 

Boule esliinfitod the capacity of the Cluipdle-iiux-Saints skull 
according lo the forfimla? of Manouvrier^ of Lct\ and of Beddoe^ 
obtaining results tliat varied between 1,570 and 1.7^0 rnliic centi- 
niclers, By the use of niillet and of shot an average eapacity of 
cubic cent!meters obtained. Judging from these iigtim tha 

eapucity fif tlie crania of Xeandertsii and Spy bus been undereiiti- 
mated by Schaaffliausen, Huxley, ii!id Sobwallw, 

lly its craniaL enpaeity, therefore, llie Xeandertal race beloiig!$ 
oai%ily in the class of I/ttnio But we must dLstinguish be¬ 

tween relative eapneity and absolute capacity. In mtxlern man, 
viliere the iriULSverse und antero-posterior diameters Lire tlie same us 
in the skull of La Cbapelle'aux-Saints, the %'erlical diameter would 
U* iniieh greater, which w'ouhl increase the capacity tu LSOO cubic 
ecnlimctcrsi and cvcJi to 1,&00 cubic centimeters. Such voluininous 
nioflern crinua are very^ rare. Thus liisnnirckt willi liorizontal cranial 
diamelerti scarcely greater than in the man of l*a Chapelle-au.x- 
Saints, said to have had a cmniul capacity of L,0(5ri cubic centi¬ 
meters. 

The most remarkable thing about the astnigalus is the special de¬ 
velopment of the L^rticular surface fur the lateral malleoli is, develop¬ 
ment that recalls the conditiun in anthropoids and climliing luani- 
tnixh. This seems to tndu^ale tlmt, ns among anthruponls, the foot of 
the man i^f La ChapcIlc-aux-SainLs ^^hoiild rej)t>se on its external 
margin, also that the fibula w'as relatively more powci ful than is the 
cft-sc among mcwleru races. 

The ealcanemn is charaeteriKed by its shortncivs nnd especial lly bv 
tlie liirgc dimensions of ihc lesser pixtcess (sustcntacuhiiu tali). The 
latter in its proportions resenibles that in llae Vinkhihs and in anlhro- 
poids. 

During the autumn of 100^ M. 1>. Peyrony, of Ia^'^ Eyzies, had t he 
good fortune tu discover human remains of ilou^terJEtn age at ti.vo 
differetit localities in the department of I>(irdogtie. The first find 
was iiinde in w simaill caveriv ait Pet'li do TAze, ,^1 kilometers fraiin 
Sarki. Mere in undisturbed upptT Mousleriun de|>osUs was finind 
the skull laf ai child five i>r six years ohl, AUmt it were the numemus 
animal hones broken nrtificiLdly, the teeth of the horse, deer, rein- 
deer, and an abimdance of Mousterian linj>lcincnts. The lower 
Jloneterian depoesit on which the skull rested contained dne iniple- 
merits of the Aeheutinn type, 

SI, Peyrony-a second discM::ivery was made September 17^ 1909, in the 
rock-slielter of Iji Ferraask near Bugue, The section at La Per- 
rassie coinprires five arehcolugical horizons, ,\chpiiltftn, Sfoufiterianj 
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0iii] Inwerj Jijiddlf?, and iip|ier Aurignacian. It was between ilie 
Acheulinn and AlukistcrJai] de|>tjsits and at a deplh of a uniters that 
ail almost eonipluie human sakeU^tou was found. Although in part 
crui^liiKl by the eiuiniious weight of earth abi>ve, all the iKmos were 
in w ith llie e^cieptioii uf tho^ of the right foot auil hand, which 
bud Ix'en displun^d and parti ally fh^trc»yed^ probably by some curni- 
vc^re iir n>detit. 'riie skeleton hiks Ixxni removed intart "^'ith care and, 
it h iiu|je^h will ^iioii he published in rletaiJ. Unlike the case of La 
ChitfH^lle-ELUx-SaintsT this w tis not an intennent. The bmly was 
plucTi! at one cismer of the shelter and covered wiih brandies or 
pcThaps a little earthy or all thn^e of tlie^ cornhined. About 
ibe lieud and shtiiilders were three stones that might have sorveil as 
weiglitSw (rradnally it was covered dve[>er and deejjer liy dtHjris 
from ilie overluinging rocks iiini ihut left by succeeding Aiirignitcifln 
populations. Its stnUigi'iiphic [wisition is clearly definwL A more 
extended report as to its s«>matcdogical characters ia awaited with 
Tillich iutejifst. It dioiild not only e^onfimi but also supplenienl exist¬ 
ing data bearing on the osteology of Homo pri/tuffenim^ as did the 
remains from La Chiipidle-aux-Saiitts. 

Thanks to persistent, iiaitistukiiig^ systematic exph^rations, the 
T>ordogiie seems destined tu mo in tain its lend in mutters |Mleolithi& 
Herr O. llEimser who made the ixuportatit discovery of Nfmo mom- 
f£*ri^*i^h at ij} Moustier in lfM)8 Inis been silso rewarded with si ridi 
harvest in 19011, At Comhe'Cnpcllet near llontferrand-Perigord, ho 
found cm Auguat iifi an adult mstle skeleton of Anrignncian age- Tlie 
type, how^ever, is of a higher cjrder than that of Ids llooio momfericti- 
the diirerence being greater than rnighi be infeiTed from its strati- 
giiiphie i)ositionH I'he remains bad been interi'cd. the pk being sunk 
irito Ek iicpo--^it of Mousterian age. TIu* stone implements found with 
the ski'letnn about the head, artnSf knees, and feet ar^ Aurignaciaiu 
For this ivilsoii Klaatsclk sugg£*sts the name Homo 
Ji^iuserL A miinlicr of ^jiail shells ivcre also depcksited wdUi the dead, 
pivilMihly as iTnaments. As was the case the previous year at 1^? 
Monstier, Professor Kin at.sell* of Ik'csltiu, was called to Comije- 
Oapelle tosnpcnntcnd ilie removal of the ^kdcton (pis. 10, 17)* 

Kluatsch classes Homo aiinffnaeenkiif hausen with the human re¬ 
mains fro]ii Briinii (Milhren) and tiallev Hill, near LfOridoii. All 
tUt*ee skulls are long and narrow, niarketlly dcslichoecphalic. Ln so far 
as till? fragmcntiirv condition of the Galley Hill skeleton will admit 
of compiirison tlic other skeletal parts agree in type. Klaatseh also 
notes' certain resemblances to the much later Magda leniao racts as 
represented by the skeleton found twenty years ago at Chancelade, 
ali^ in the Dordogne* Although of nilher short and pow'crful build, 
KlaaVich iielieves thii Aurigiiaciaii race did not evolve directly from 
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the Neandertfil or Mousterian nico- On iho otlivr Jiajid^ he believeis 
it later developed into the Cro-Magnon and Chiincclade t^'pes. 

The eavertiis of Grimaldi (BHou^sf-RoiisHeJi lielween Mentone and 
V^entiiniglia and on the Italian ^ide of the inter tint ionnl houndury, 
forni one of the mcist rompacl groups of indeolHhic caverns in all 
Europe, 

Counting two small rook-shelters^ the group includes nine stations, 
llie rii 06 t ]ni|K>rtaiit being the Grotte des EnfanU, La Rarmn Gmnde, 
tirotte du Ciivillon anti the Grotte dii Prince. GenerBl attention was 
til's! called to this I'ogion many years ago by liivi^reV discovery of a 
human skeleton in the Grotte du Cnvillon—the so-called homme de 
Menton, now in the Xatnral nistory Paris, loiter five skele¬ 

tons In all were found at Im Biirina GrtiiiJc, and tvvo, of children, in 
the Grotte des Enfnnt-St whenee its name. 

Interest in archeology and ownership of one of tlse cavenia {Grotte 
du Pi'ince), led the Prince of Jtoiiacoto pi'ovlde for a SYs<lematic ex¬ 
ploration of the GriniiiUIi cavern deposits hitherto undisturbedj lav 
giijjiing witli the virgin firolie ihi Prince. The work was plat^Hl in 
the hands of the Canon Ij, de Villenenve, ]^n>f. AL Poiile. and Dr. R. 
Veriieitu, TheGn^ttc clu Prince pix>veil to lie rich in faUTial remains. 
Xot 3i single liuuinn bone wys found, however, although as many bs 
twenty-eight hearths were encoiinteral. The ngr, therefore, of the 
skeletons pK^viously found in (he neighboring caverns still t^.uniiiuetl 
in doubt. Work was next liegiin (1900^ in the Grotte des Enfanta 
that had l>een only partially explored hv Riviere. Here, as at the 
Gmlle tin Prince, the entire seiii-s tjf deijosibt wys found to be 
Q ua ten lu r y; the ocen pat ion of the ca ver n* ho we vc r, is so p poseil to hn ve 
begun and to have ended 3i little later than at the Princes cavern. 

The two hiyers at tlie iHittum were characterizeil bv u so-called 
wartn or tropical fauna— anti'gufij! nnd /iAu^oceroi^ merckii. 
All the succetiling layei^ contain the fauiiii of the reindeer. Tim 
explorers were rewarded by finding human reniains at three distinct 
levels, all three being in the reindeer depo? 5 iU beginning at the 
Ixittom. a common sepiiltum with mi nrhilt female'^iind youthful 
male skeleton wus encountered at a depth of meters and rt^ting 
dinN:^^^^ on (he depo^^its with I he faunn of antrum. On 

account of their accentuated negrohl cliariictcrs, these differ from 
all other Quaternary skeletons. To this ty|ie, which Yerneau has 
called the Race de GrimaldL nttention has been called afi'csh bv 
the Venus of Willendorf, a stone figurine recently discovered near 
Krenis, Austria. 

.\t a level of less than a meter abov^e the common sepulture with 
negroid rejnnins was found u mnie flkeletoii of the Cru-MagiKm 
type. Tije fauna of the two horizons is preeiscdy the some, and con- 
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tinuej to be ujiifonn to the top of the section. The fernuk skeleton, 
thenefoiv, found by tie ViUeneuve at tv depth of 1.9 nictors from 
tile snrfiiw is Quaternary, Ijeloiiging probably to the close of the 
Magdaleiiiiiii epoch. It has otTtain iieg^jid ehanictei's, such us rela¬ 
tively long forearms and thighs. The slight parieto-oceipitol flat¬ 
tening suggests the Cro-Miigiion type, while in some resjpccta it k 
not unlike tiie neolithic dolichocephala. 

The reindeer is associated vvitli three successive cultural epochs— 
Aurignnciun, fcioliitnfun, uiitl JMagdaleiiiim, respectively. All tlirc^ 
ervochs are probably rcpresentetl at the Orottc d&s Etifants. in wliidi 
ca.se the negroid skeletons might lx* considered as of Aurignaeian age. 
Imjuediately below were remains of t'iep/ias It may be 

^called that at Krapinu, the latter was ajisociated with a Muustcrian 
industry vind skeletal reniairisof the IJtimo prirHif/eiUm tyi>e. 

The [luiiian skeletal remains from the (Irotte des Enfants are all 
referable to the reindeer ptwiodl, the transitional Asjdian epoch not 
being represented there. Thanks to the rtsearclies of I)r. R. K, 
Schmidt’ in the cavcni of Ofnet, a number of human skulls tiatiiig 
from the Asylkn have heeii brought to light. Stratigniphically, 
Ofnet Ls, afler Sirgenstein, one of Oerrivaily's most important paleo¬ 
lithic stations. An instructive section of the deposits is reproduced in 
plate IS, taken at n ^joint just inside the entrance to the eavem. On 
(icc-omit of its great weight, the fallen stone at the lop liad pro¬ 
tected this portion of (he floor deposits from earlier exploitation. 
The lii^t two layers arc sterile. In the third and fourth, .Schmidt 
found all industry tyidcal for tlie miildle and upper Aurignacian in 
association with nn Eqiius fauna, including the lemming. The fifth 
Inver marks the iippeurtince of a pui-e early SoJntrean ciiltun:. with 
a oontiiiuation of Equiis fauna. The lemnung reappears at the base 
of tlie sixth deposit, which Ls surmounted by a characteristic upper 
Aragdaknian industry. 

'I’he horizon that interests us most is the seventh, called by Schmidt 

Hesolithik,’ and cwiixiiiiatc with the Asj’Jian. The laver is only 
alioiit n centimetei-s ihidt except at two points where (nx-keLs are 
formed that reacli to the level of the Solutrfaii deposit. Tho com¬ 
pact earth in ihcse jmekets w'as impregnated with red ochre, and in 
euch was a circular group of human craniu covered with powdered 
oelire. All the crania, twenty-seven in one group and six in the other, 
were placed so as to face the setting sun. A large majority in each 
group w'ere skulls of females and children, there being in all but six 
male skulk. Tlie burials of the heads without the bodies wera made 
while the flcah was still on as the lower jaw and one or several cervical 
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vertebra; were found in pifloe with each cranium. The skulls of the 
females ajid clnldren were accompanied by necklaces of perfomteii 
stag canines and shells {PlanorhtJi). The skulls were neither burnt 

nor mutilnted. . , . 

With the potisible exception of a Tardenoiaian flint point, there is 
nothing in thia horiitoii to suggest the neolithic; no ceramics, no re- 
maina of domesticated animals, although the neolithic is well repre¬ 
sented in the auccccding deposit. In respect to fmitia and strotigra- 
phy, it is .iVsylian. Two typical Asylian cultural elements—flat har¬ 
poons of aliig iiorit and painted pebbles—are missing, however. 
Schmidt cliisK^ llm industry as Aiylo-Tardcnoiaian, The burial cus¬ 
tom leauH rat hei" lo llic palecjlithio. The use of oohre and of shell 
ornaments is common to a numln-r of paleolithic burials: Asylian 
of Mas rl'Aisil; ilagdnlcnian of CiXJ-lMagnon. Ijiugcrie-lSaASn, 
Grinioldi, and Placard; and SoliitrvHn of llriinii (Moravia). Tlia 
practice of bni'yiiig the head alone seems to have 1xx;ri hi vogue also at 
(Tourdan, for there according to Piette one never fiiiils any hutiian 
bones except lliose of the cranium, lower jaw, and Uic first two or 
three cervical vertebra'. 

Twenty of the Ofnet crania have liccii restored and arc to Ikj care- 
fitlly studied bv Doctor Schliz, who reports & mixtiuv of the Medi- 
terranenn and the Alpine lT|ie. The Mediterranean influence on the 
physical ty[>e is imt surprising, wheis viewed in the light uf Ofnefs 
cultural resemblances to stations in southwestern Euitipe. 

Tbe first explorer, the original discoverer on u world scale, was 
primitive man. I!e had ctivered the earth licforc the Euro|Teaiis of 
to-day set for themselves the highly interesting task of n;fliKcovering 
it and him. After some centiirica, tliis self-imposed, instructive, and 
pleasure-giving problem is nearly solved, Superticially, at least, the 
earth has Iwen compassed, the blank spots on the world map of to-day 
being few atiJ couiparatively auialL 

The conquest, however, has been hugely one of two diinension.s. 
Xow that it 13 nearly over, we are left all tlie more free to f^ws the 
attention on ti whole scriKt of tmtecedent worlds. This is what 
Europe h, at present iloitig. She in now Iwivt on discovering the pra- 
bistarie worlds beneath her very feet. She has found that man's 
occupation of the earth has not oidy length and ha-adth, but also 
deptli. and therefore admits of measurement in three dimensions in¬ 
stead of two. Surely here is ntore work for the path finder. That 
success will attend hi labors, the discsverics of the past decade offer 
ample proof. 

This survey of recent progress is made first of all from the stand¬ 
point of chronology. In the second place the evidence of man’s 
antiquity has been arranged under three categories, deriv-ed nsipec- 
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tlvel}- fl'titii (1) vftHey dcpwiiLs;* caverns and roctsheltoK, end 
{3) hiunat) skeletal remains. 

The okltT ijaleolithic horixotia, tbe Strepyaiit ClivHemu hiuI Acheu- 
liun iiire to be found in vallcv deposits beginning with the middle 
Qnftteriiury. The yoiiiiger paleolithic horistons ntn quite generally 
tbonglit of as being reMrictetl lo caverns and rock-shelters. Thanks 
to the results of t^cenl researches, such a view is no longer tcnabk. 

0 higher degree of precision and difFerentiatioii there h re- 
veolcil ihe diluvial i.^iihaJents of the upper paleolithic series, :Mous- 
terlnn^ Aurignaciiuij Solutrenn, and Magdalenian. 

As might lx- expected the nature of the industry in llic uppt^r 
diluviiil series tallies with tliat of the cove dejKKfit^, Tims eadi 
category of finds supplements and confirms the other, Tlic ordy 
regret of the urclicologist is ihiit the work of his pi-cdeceisi^ors couhl 
nut tKJ done over [igsiiii in the light of the latest discoveries. Experi¬ 
mentation in any line presup[>osos a certain anuiuiii of waste- The 
coefticient of watte in archeological experiineututifui is unfortnnutely 
very high. The valley depof^its are well-nigh inexhaustible. Much, 
therefore, iiniy he expected of them* With caverns the case m dif- 
fereiii. The supjdy of those still untouched is liudted; the list of 
tlii^A^ 111 ready wholly or in part c.xcavated is long. Tliink of the 
Dordogne, GrimHldij Kent's cuvei'jj, us once more virgin fields! The 
latter, for example, hay contributed little toward a l?elter defiiutioii 
of p^ileolithic ehronolog>% yet judging from the piiblkhcd illustra^ 
tions it eojAtained praclicany every type of industry from the Acheu- 
lian to and including tlic Mugdalenian. 

In paleolithic siinlies the chief elements of control are stratigruphy, 
iecImolflgTi% and paleontology. Tht-se arc all given a pluee in tins 
table of relative chronology h Perhaps no Iwtter su turn ary of iho 
Ixjoring of strutigi^aphy on tlie question of paleolitliic mnri could lie 
chosen thun a composite section of nonmarinc Quaternary de|)osits 
as they occur in the Paris Basin and in Belgium. I have chosen 
Rutot's combination of the three sections: Saint-Achenl (Somme), 
exploitation llelin at Spiennes^ near MonSj and iheThiarmont quarry 
ai Ecaiissines^ between Brussels and J^fon^ (lig. 20). The section 
shows the strtktigraphic i-elation not only of the paleolithic to thc- 
eolithie below’ and the neolithic above, but also, by mcanif of a hracketr 
thut portion of the diliwitd series lor whidi there are cavern equiva¬ 
lents. It should bo recalleil, however, that there is no direct strati¬ 
graphic relotiou betwreen the cavern deposits^ and lhCR5e of the valleys. 
At Saint-Acheul and Helin, industries occurred at all the horizons 
indicjited except the Aurignacian and Solutreati- The deposits at 
Ecaussiiics corresponding to these tw'o horizons are sterile. By going 
to Wi lien dor ff, in the Danube Valley, near Krems (or to the Rhine 
Valley), the diluvial cultural series can he completed, as has already 
been pointed out. 
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According to Hutot^ the neplithic k wholly superficiaij nover being 
found it! *itu in the brick earth. Whether the latter is entirely butren 
of industry remains to be dctemiiiied. As k was deposited by the 
last flood waters of the Quaternary, to find tniddle or upi>er Magda* 
Ionian industry near its base nlioiild create rio surprise. At the other 
end of the series the paleolithic stops short of the lower Qua ternary t 
the industry of the latter being piird}" eolithic. 

Respecting techtiologv^^ the various paleolithic types of implements 
are for the most part so familiar to students of the prehistoric thut 
wuth one or two exceptions I liave deemed it uiiruxTssary to figure 
them {figs, 4 and 5)* They admit of separation into two more or 
less distinct groups. The older, practically confined to the diluvial 
dejHWEts, is represented by the Sln^pyaiu Chellcan^ and AoheuUan, 
The gcueraliKed type, coiiminn to all three horiif.niiF^, is the almond- 
slia|>ed implement chipped on liotli sides. The younger grxuiin eom- 
inoTi htnh to tlie u|>pcr seric^t uf itiluvinl deposits and the cavernsj 
indtides the Mousterian^ Aurigtiucian^ *SoliJtrenn and Magdaleniau 
horizons. I^iihcilogically, it is cpiiipofsed largely of flint tlakps that 
lire chippcf) on one iijdc only. The group is chamicterlzed nlso by 
the iippenrancc of hone implemeritis and tlio beginnings of the arts 
of sciilptm-i% engraving, and paiitliitg. lijs ihis us well as the older 
group there everywliere orderly dcvclopruput tuarked either by 
refill omen I of preexisting forms or the ap|x^arance of new one?^^ 
The result is that a given enmbination of culture! phenomena haM 
it* definite straiigrapliie position. The two kinds of evidence are 
therefore in harmony. 

Of the three clement.s of eonti-ol the leni^t thoroughly mastei-etl is 
pideonto]ojG^\ Some fomis apfjearj disapjjcur, and reappear, Some, 
lignin, ijersifit in certain latitudes much longer tlnm in others. A7if- 
pAttif for example, and mert-i n existed in Frantse 

from the he^nningof the Quaternary to the lower Acheuliaii opocht 
having retreated from Belgium wiih the coming on of the Biss glacia¬ 
tion, t arther souths at Grimaldi, ive find them contemporary with 
Mousterian niarn Their succscs^ors, A kphas primiffertiu^ and /^hhioc- 
Itchorhintiij api^ared in Belgium as early as the Sti^pyan and 
persisted almost until the end of the Quaternary, as their remains 
have l)eeii found in the low-er Flandrlun deposits (ergeron). 

Thc^ r^arthes of Commont prove that at the Ix^ginning of the 
paleolithic there were two adjacent contempornry zoological prov- 
inces^ (1) a northern^ including England (for Great Britain and Ire¬ 
land were then a part of the maiiiland)^ !^lgium, and northern Ger-* 
many with the fauna of the nianmioth. end {2) a southero, including 
the greater part of the Paris basin and the valley of the Somme, 
where the fauna of ElepAos antiq^id^ still persisted. Tkie fauna of 
the mammoth overran France in the Aehoulian epoch, L c., about the 
time that Skphas oniiqnu^ retreated toward the south. If these facta 
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lire kepi in mind* ‘I'c nf diviic and iropieiil lyiHs- 

need no longer present insaperable HiRiniltiesi. It will lie readily seen, 
ulgo, thnt iti the Uble (pL 1) no attempt has been made tn give either 
tlie horizon (a I or the vcriieal range of a given H|weie,s» Kaeh dominant 
Species siniplv appears once mid in one of its favorite lioruiotis. 

AVith iiinn the case is diirerent. Already in (he puloolilhit; ho 
exhibited those univertial tendencies for which he has ever since been 
famous^ Hia horizonta! range was Q\'er the whole of Eiirofie not 
prci: 3 iipt«l by the glaciers and his vertical range covered the entire 
Quaternary. Fortunately, he can he iraceit nol only by the presence 
of his own hemes, but also by that of hin industries. In fact, the 
bulk of the evidence ri^ls on industrial remains, due in part, ut least, 
to their indestructible cliarJicter. The decade’s discoveries of osse¬ 
ous remains, however, have added imitienscly t« onr knowledge of 
fossil man. The nlreudy fajimliar Neandertnl tytJ* has Ix^-ome still 
letter known tlirntigli the finding of well-pl'escrved specimens whoso 
faunal and ciiltitral assuciiitinnS are also more tlearly defined than 
ever Ix'fore. 

Xew types have la-eti disctivcred at various hurizons, runging from 
(ho Miitliciiti to the Asjdiuii, giving a fairly comprehensive composite 
picture of human evohilion from near the licgliming of the Quater- 
miry to its very dost;. Xeandertnl man scums to have been a direct 
.W-ndunl at Homo hsideJbergettsis, there being little evidence of 
sotnatniogical changes due to admixture of races until after the close 
of the middle Qiiateniury. The somewhat sudden appearance of 
a distinctly higher type in the AurignacLaii c|jtich (Combe-CapcHe) 
is n fact diflicult to espluin witlnnil recourse to the theory of an 
inihix of new blood. Curiously cnongh, the appi'iirnnce of this new 
nice ia signalized also by great cultural chunges — the use of bone 
mipluments and the beginnings of sculpture, engraving, and painting. 
To this Aurignacian element, inherited by the sncceeditig Magdalen- 
isin races la-lougs much of the credit for the phenomenal art develnp- 
ment nf the upper palfolitbic. 

I have endeavored to trace the principal lines along which the 
science of prehistoric aiithropologj' has lietm developing, lines that 
arc yearly btx'oming more distinct. If hitherto they liuvc seemed 
obsciire, il has not iKHjn the fault of onr ancestors who left their story 
upon each age in its ttini, but is due raOier to onr slowness to dis¬ 
cover the record and interpret it aright. I have also endeavored to 
sliow that in both diBCOvery and intcrprelntion the achievements of 
lh« past decade are not only highly creditable in themselves, but are 
also prophetic of a pmuiisiiig future. 

Vale rsivmiiv, 

,\'4!:ir I/iin’u. f'duth. Aftril (f. J9J&, 
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the EIJROPEAS POPULATIOK OF THE UNITED STATES, 
The IlMitlen Mernttriiil Lectvre for 1908* 


Bj: W]U,IAM 55. Ilifr.KV, I’h. D„ 
rrvfetfor n/ FwiUMwie* in Ilamartl Pnii'CrtMV. 


The p<)puIalion of ElilMtKi ninj', in a rnngb way, l» divided into 
an east and a west, Tiie contrast between the two may lie best illus¬ 
trated perhaps in geological terms. Everywhere these populalicins 
have liccn laid down (iriglnnlly in more «r less distinct strata. In 
the Balkan States and Austria-Hungary this stratification is recent 
and still distinct; while in western Europe the several layers liave 
become metamorphosed by the fusing heat of nationality and the 
pressure of civilization. But in both instances lhase populations are 
what the geologist would term sedimentary. In attempting a de¬ 
scription of the racial problems of the United States your attention 
is invited to an entirely distinct formation which, in continuation of 
our geological figure, may best be charaoterizc<l by the term rniptivt 
We have to do not with the slrm- processes of growth by deposit 
or accrcfioni but wdtli violent and volcanic dislocation. We are 
called uimn to travereo a lava field of population, suddenly cast forth 
from Eurojie and spread indiscriminately over a new conlinent. In 
Europe the populations have grown up from tiie soil. They are 
still embedded in it, a part of it. They ate the prwhict of their im¬ 
mediate environments; dark in the Hontliern half, blonde nt the north, 
stunted where the conditions are harsh, well developed where the 
land is fat. Even as between city and coiintiy% conditions have lieen 
so long settled that one may trace the results in the physical traits 
of the inhabitants. It was my endeavor in the “Races of Europe” 
to describe these conditions in f lei ail. But in America the people, 
one may almo«=t say, have dropped from the sky. They arc in the 
land but not vet an integral part of it. The population product is 
artificial and exotic. It is as yet nnrelaled to its phyaicnl environ- 

e BeliVlnted hy pcrmlsaloa from Tb* JouroftI of llic Royal .^nlhropologtoil 
Inatltcte of Great Brlmln and lrelainl, LotkIot, tvl 3S, July to OeccmlMfr. 
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menti A humnn plimomenoii unique in the history of the w-orld is 
the result. 

In the description of tUc^se eondiliciiis twp gtwit diilii-uUu^ iirc at 
once coeniijitered. One is the recency of the phenomenon; the other 
the paiichy of precise jjliysicnl data* As the First imniignition to 
America on si lurgc scale is scnrs^oly more than Iialf a century oI<h 
and in its more startling and violent aspects has lasted only half 
II getieratirm, lime enough Las not yet eJupsed to ix?rniit a working 
out of nafiirea laws. IVliat evidencDs have we us to the elTcct of the 
new enviroiinient np<m the tnuisphmled peoples? It ia (iiiuiHing to 
read in the older \xxyks on ethnology, and even in the files of this 
learned bixly, of the undoubted effect of Ihe .\moriciiii cUinute upon 
Europeans in tending to produce the hlncJc wiry hair, the bronrj^ skin^ 
and tlie aquiline fvatureK of the American Indiuns. Such condiiHions 
arcj of course, notv uiiderstootfl to Ik n product^ not of diniuie l?ut of 
vivid imagiiiittionf somewlmt overexcitcdj perhaiJif, by Bucklers 

History of Civilization” Time b needed^ not only to show the 
elFcet of the physical environ men but also to demonstrate the laws 
«>f iiiheritancc wdiich are I’eitoiii to emerge from ^ hcterogimtHins a 
mix up of all tlio nations of the earth. Almost everything in fact 
lies in the vromb of the future* We must be (content nt this time 
nither to indulge in s^iecuhiiion and prophecy lb an to revel in the 
more positive delights of somatological statistics. This is the field 
in tvliich a great generalizing intelloet like Huxleys would liuve 
been at tin bent* 

Thosewnil ditliculty in the study of rsieial conditions in the United 
States is the kek of piwise phyjiical data* Tliis may be ascrilicd in 
large measure to the overwhelming iiisisiency and iiiiportuuce of 
other allied concerns, TliLs ethnic pheiuiiucnonjp tremendous and im¬ 
port ant as it is for puTi^ science, is for the moment overshadowed by 
others, social and i>oliticaI. The uttention of f?tudeiits b conipelt^ 
by the urgency of the problems^ presented by the affairs of men, 
rather than by their phy^dcB] jicrsons. Questiom? of living wjiges, 
of OYCixrrovvdjng of population in the great cities, of publii; healtli, 
of moral chaos, of political denioralization, arc demanding imiiicdiate 
solution at the haoife of science. And then again, in the purely 
untlii-cspological field, ihcre are lUe other inciting paths of study af¬ 
forded by the presence of the negro and tho JLsappeariUH^ of tlm 
idiorigiijai Indians. Both of these should be of al>sorbifig interest to 
spceialis-t^?, the former uofortiiuntely, much neglected; but ihe latter, 
the study of the Indiati, of immediate concern because whatever is 
to Ik done must Ik done at once. The day will indeed come when 
scienw will awake to the opportunities pre^uted by the ethnic com- 
pfKSEtioii of the present white ^lopulation of the UaittHl States, but that 
day is not yet here. And then, finally, it should be borne in niiud by 
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WAy of excuse for the ralher 'rague nnd gencrftl diftracter of tliis 
nddress* tlmt the United Slates beks eerUiin institutions which have 
gmitly fncllitatetl the anlhropological study of Europe- We lia^-e 
no great stnoding armies to be reeniited year by year from all sorts 
mid eoiiditions of men. All milituiy service is volimlary and for 
hire. The only data of this sort comes to us from the time of the 
civil war. iloreorer still another supply of iiinterial in remlered 
liilHciiJt of approadi by reason of the attitude of our people towiml 
anything savoring nf gtivemment paternalism. An attempt at a 
physiciil census of tint sehool children of A’ew Tort, like Virchoiv's 
great iiivi'siigation in (iermaiiy. ivould piobahly lead to n violent 
onlhreak of yellow joiirtialisjn concerning the property righlH of the 
individual in his offspring—an uproar which might even disturb 
the courts and the legislatures. Private initiative ivilh the exorcise 
of the grentest tact and dipioinaey must alone be ndied upon. For 
instance, a diflicnlt and yet inviting held of study for the phy«i™l 
Iinthrojiulogist is affordKl by our mountaineers in Kentucky and 
'I’enricssee.” ,V .Simon^pnio Anglo-Saxon stock is here Iwlnted over 
a huge area. Antieipating fiomc years ago a vacation trip into these 
wilds, I t^sjk counsel as to modes of approach for physical measure¬ 
ments uiam this rather inthimmuhle huinnn materia!, wherein blood 
revenge and the clan feud are still customary. This impulutiou has 
alw ays enjoyed the jiroud distinction of bung the titUcst in the United 
8lat^ Ity enlisting rivalry in a wholesale rtintest over the lallii^ 
of the men of Tennessee or Kentucky, I was told that one might, in- 
deetl, hojw to (ill one’s saddlebags with statistics without cnilangering 
life in tli€! attempt, 

Jiiilgi-d solely from the standpoint of nmidwrs the phenomenon 
^Vuierican i mm ignition is i-tupendout c htive become so accusr 
toiiied to it in the United States that we often lose sight of its 
numerical niagnltiKlc. About er>j000.ffl)0 people have come to the 
ITnittsI Stales from all over Europt^ since IS20. This is about equal 
to the entire iiopulntion of the United Kingdom only fifty years ii^ 
at the time of our civil war- It is, again, more thun the population 
of nil Italy in the time of Oaribaldi. Otherwise statefl. this army 
of men would populate, ns it irtunds to-day. all that iiiort deimely 
scltled Keclion of the I'nileJ i^tates north of Maryland and cast of 
the (in.’ut Lakes; all New England, New York. Xew Jersey, and 
Penmiv'lvania in fad. This horde of immigranta has mainly come 
since the Irisli potato famine of the middle of the last century. The 
rapid iiirreuse year by year is sliown by the accompanying diagram. 
It hus taken the form not of ft steady growth hut of an intermittent 
How'. First came the [xjople of the British Isles after the downfall of 
Napoleon, from *2,000 in ISIS to 35,000 in 1S11>. Tlieri'after the num¬ 
bers lire nlmut 7.'),000 yearly until the Irish famine, w-hen 3011,000 
iminigrriiit^ from the British isles landetl in ISei To the English 
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Buccecded ilic Gormans, ]argel 3 ' nioA^ed at first by the political events 
of 1848. By 1854 1,500,000 Tout on 5^ mainly from noilho-m Germanj, 
Iiad settled in Anieirica^ So many were thera that ambitious plans 
for the fouudatiori of a Germnn Sinte in the new country were 
actuall_v set on foot. The Inter German immigrants were recniiteil 
Jnrgelj’' from the 1th ine provinces atsd liave Fettlwl far I her to the 
northwest, in Wisconsin and Iowa; the earliest wave Itaying come 
from riotthem Germans' to Ohio, Indjatia, Illinois, and ilissouri* 
Tlie Sweden begnii to come after the civil war+ Their immigTatioii 
ciilniinated in 1SS3 with the influx of 50,000 in that year. Slure 
recent still are the Ittiliuos, beginning witU o moda^ 20.000 in 1876^ 



rising to over 200,000 arrivals in 18SS, and constituting an army of 
000,000 in the single yifnt of 1007; and accompanying tlie Italian bos 
come the great horde of Slavs, Huns, and Jew s. IVave lia$ followed 
wave, each higher tliiin the ; the ebh nnd Oow Iwing dependent 
upon ecfinomic wnditioiis in large incnsnre. It is the last great wave 
sliQwu by our diagram which has most alarmed iis in jWerica. Thia 
gathered fort?e on the revival of prosperity about IStlT, but it did 
not nseimie full measure until lOOO. Since that year over 0,000,000 
people have landed on our shores, one-quarter of all the total inimi- 
gratton since the twgiruiing. The newcomers of these eight vears 
alone would tepopulate all the five older New England States as 
they stand to-day] or if pnjperly disseminated over the newer parts 
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of the country, they would servo to iMipukte no less than ninctwti 
Slates of the Union asi tht^v stand. The newcomers of the Inst eight 
years could, if suitnlily sented, elect AS of the present 92 Senulors of 
the Unilod States. Do you wonder that thoughtful pDlitienl studeiils 
stand somewhat aghnstf In the lust of these eight years ^1907) 

I here were l,Si)0,000 arrivals, sufficient to enlirely popnlata IkiUi Near 
Elanipshire and jraine, two of oor oldest Stales with an aggregate 
territory' Hppnjsioiatcly equal to Ireland and A\ales. ^Ihe arrivals 
of this one year would fonnd a State with more inltuhitants than any 
twenty-one of oiir eNistuig Comraotnvealths. Fortunately, the t-om- 
tiiereial depression of 1908 has for the moment put a stop to this 
inflow. Some eonaidcrahle emignitioii hack to Europe has in fact 
ensued. But this can lie nothing more than a breathing space. On 
the reKiifiiption of prosperity the tide will rise higher than before. 
Each ttumigrant, staying or returning, will influence his friends, hia 
entire village; and so it will lie until an economic ecjiiilibriiim has been 
flnnlly ertublished iKctivceii one continent where lalior is dearer than 
land, anil tlie other where land ia worth more than labor. 

It ia not iilono the rapid iiiereast; in our immigration which merits 
ntlentioii. It is abo the radicfll change in its clmractcr, in the source 
from which it comes. IVhereas until about twenty yt^flts ago our 
iiutnigrants were drawn from the Anglo-Sasoii or Teutonic popula¬ 
tions of northweslero l-hirope, they have aw armed over here in nip- 
idl 3 '-growing proportions since that lime from Mediterranean, Slavic, 
and oriental sources. A quarter of a ccutury ago two-thirds of onr 
i rum i glut ion was tmly Teutonic or Anglo-Saxon in origin. At 
the present time less than onc-slxth comes from this source. The 
British Ish*a, Gemiiiny, Si'iaiidiuavLa, and Canada nnitedlj' sent ns 
90 per cent of our immigrants in the decode to 1370, S2.8 per cent in 
1870-1880, 75.G per cent in 1880-1890, and only 41.8 per cent in 1390- 
1900. Since then the proportion has lieen verj- much smaller still. 
Geniianj' used to ctuitrihute one-third of our newcomers. In 1907 
it sent barely one-seventli. On the other hand, Russia, Auslriti-Hiin- 
garv, and Italy, which jimducetl about I per cent of the total in 1800- 
1370. jointly' contributed 50.1 per cent in l8tK)-ltKK). The growth 
of this contingent is graphically shown by the preceding diagram. 
I liave been at some pains to reclassift' the immigiulion for 1907 
in confomiitj' with the racial gron[>ings of tlie “ Races of Euroja?,” 
disregarding, that is to snj'. mfre linguistic affiliations and dividing 
on the basis of physical types. The total of about 1,250,000 arrivub 


was distributed as follows: 

KKI.i)i:hi MediterrunMo race --- one-uiiarter. 

UU.Dfai Al|iliie nice -----—-- oiie-alitlL 

330,000 SJpvIc race--- 

lM,tl00 Tontoote race -...... -oufrulxlli. 

140,001) Juwiah laiBhUy IluPHlnn^ --- .—^one-<%btb. 
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III this year 530^0 South TtaUans tate the place of the 250^000 
Gernijifis who raine in 1882^ when the Ten tonic inmiigmtion was at 
its One and onc-half mi!]Ion ItnIiRn$ hnvo come since 1900^ 

over IjOOD^OOO and IJjOO.fKK) natives of Anstria-IInngaryx 

IVo have even tap]^i{}L| the poIiticaL sinks of Europe, and nre now 
drawing large numbers of Greeks^ Armenians, and Syrians* Xo 
people is tuo mean or lowly to seek an asylum on our slicnm 

The net result of tliis immigration has i>een to produce a enngeries 
of human iieingi^, uii|}aralleled ^or ethnic diversity an}*where else on 
the face of the earth. The most complex popu Inti mis of Enn^pe. such 
as tho^ of the British northern France* or even of the Biilkan 
States^ seem ethnically pure by contra si. in some of these places the 
soothing hand of time has $^Jflc^od the rwcinl contrasts. Of cour^®, 
there are certain water holes, like Gibraltar, Singapore, or Hong¬ 
kong* to which every type of httnian nnirnal is attriicted; ond a 
notably mongrel population h the result* But for ethnic diversity 
on a large scale the iruitctl Slates is cert a ini}' unique* Our people 
have hecn diverse in origin from the start to a greater degree tlian is 
ordinarily Fiuppcfe^ed* Virginia and Xew England, to he sure, wei'e 
for a long time Anglo-Saxon undefiled; but in the other colonies 
there was ruuch intermixture, such as the Gennan in Pennsylvaiiiu^ 
the Swedish along the Delaware, the Dutch in New York* ami the 
Highland Scotch and Ilugaenot in the Carotinas. Little centern of 
foi^igii inoculation in the early days are discoverable everywhere. 
On a vacation trip rt'ccntty in the cxtrciue uortlieastern corner of 
Pennsylvania my wife and a friend remarked the frequency of 
French nmikcs of pei^ns. and then of villiige^^, of French physical 
typeg, aod of u French cookery. On inquiry it turned out timt mtJiiy 
settlements had l>een made by Frencti, who cmigraicd after the battle 
of Waterloo. Many such colonies could lie name^l, were there time, 
such as the Dutch along the lake shore of western Miehigiiu* the Ger¬ 
mans in Texas^ atid^ the Swiss villages in Wisconsin, none of them 
recent but constituting long-established and i*ennaneiu el emeu is in 
ihe populanon. Concerning New York Citv, Father Jognes stiites 
that the direi-tor-general told him of eiglilecn languages spoken there 
m For the entire iliirleen colonies at the time of the nnmlu- 

tioh we have it on goaMl authority tlial oiu-fiftli of the mpulation 
rould not speak English, uud that onc-hiilf at hast wa^ not Anglo- 
Saxon by ileseent. Upon such a stock it is little wonder fhal the 
gnifling of these 25,000.(W immigntnLs .bmikl pi^iduire an e.xtraor^ 
dinary hiinuin proiluct. Fur over half a century more than line- 
seventh of our aggregate tKJpidation haa lieen of actually foreign 
birth, 'Phis protwjrt ion of act mil foreigners of all sorts varies greatly 
as between the difTereni States. In Minne^ta jLod New York foV 
example, at tin* present time, the fareign born, m we denote them 
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! 4 tadsticnl 1 y, constitute aljout onc-quarter of tKe trhoJe: m ilnssL- 
chuFctts the proportion is about one-third, and oceasiutiiillT, as in 
North Dakota in ISM, it ap|!roHches oiie-hiilf (42 per cent). Tt is 
III the cities, nf course, where this projiortinii of nctiinl foreigners 
rises highlit. In New York City tfiere arc over 2,000,000 iH^Of>ie born 
in Kuroini who Imvc como there hoping to Iwtter their lots in life. 
Boston lias on even higiier proportion of actual fiineigiiers; bnt the 
ri-latively larger number of Knglish-speaking ones, such ns the TrUh, 
rejitlers the plieinjiueiinii less striking. Nevertheless, within a few 
blocks, in the foreign colony, lltere are no less than twenty-live dis¬ 
tinct iiatioiialities. In lliLs entire dUtrict, ona* the fashionable 
ciuarter of Jlotilon, out of 98,000 inhabitants, only LoOO in 180,1 had 
parents born in tho United States* 

The full measure of our ethnic divel^Uy is revejilLHl only Tvlicn one 
the actually foreign l)fsni with tlieir diiklmi iHirri in 
America—total tiding, as we call it, the foreign horn and the native 
liorn of foreign jjareiitage, Thi.s group thus includes only the first 
geiierntimi nf American descent. Oftentimes even the second g-enersi- 
tioii mav remain ethnically ns undefiled as the firsU but our positive 
^Eaiistica] dnla carries tis no farther. This group of foreign \jom 
and their children constitutes to-drt 3 ' iitiwsinl of nnedliird of our total 
population; nndt hv excluding the negroid, it equals almost one-lialf 
(4n per cent) of the white poptthition. This is for the country ns a 
whole- <!ojisidercd by States or cities, the proportifin is nf course, 
mndi higher. BaUimore, one of our purt^t Xmericuii cities, hud 
-iO per cient nf foreignors^^ with their children, in IhOO. In Bo.'ton 
the proportion leaps to 70 per cent, in Xew York to 80 per eeni^ and 
reaches n niaxtimini in ^lihvaiukee with &tl per cent thus cfinstituted. 
rietnre to yourselveg^ if you please, an Englidi cit^’ of the size nf 
Edinburgh with only about one pei^n in eight English by destx^ut. 
bv only ft modct^l txvo g^?nerationsI To this cnndilion must l>e oddcfl 
the prohahililiy that not over one-half of that irmnaiit of a rear guard 
can Iran' its de_^ceiit on American soil as far back as the thini genera¬ 
tion. Were we to eliminate these foreigners aTi<! ilieir diihlren from 
otir citv pnpii lilt ions, it has been estimated (hat Chicago, with lo-day 
a po] ml at ion of over 000,000. would dwintlle to a city of nrst much 
civer 100,(KK) inlnibitants. 

Oru- may select gityit Industrie? practically given over to foreigners. 
Over OO pt-r cent of the tailors of New ^'ork City arc Jews* mninly 
Kiisjfiali and Polish. In Massachusetts, the center of our staple col ton 
manufacture* out of ^tR,00D employees one finds that only 8,^00, or 
uliout 4 prr cent, are nstive-lKirn Americans. nnJ most of those ure of 
Irish or Scotch-Trish descent two genenitioris back. All of our day 
lali^jr, onct^ Irish* Ls now Italian; our fruit venders, once Italian, are 
noAv becoming Qreek; and our coal mines, once manned by ^>eoplc^ 
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from tbo Britibli Isles^ nre now worked by Himgnriiin^, PoleSs 
Slavnki^ or* Finns, A speoial study of tho linguistic conditions in 
C^hicago well illu^mtes otir racial heterogeiieity* Among the people 
of ibflt great city^tbe third Iti i^lse in the United States—fourteen 
langimge-s are sfioken by gi'oups of not Je^ than 10*000 pensons each. 
Newspapers are regtilatly publisbetl in ten languiiges^ and diot^b 
services ate conducted iti twenty diilerent tongues, Sfeasurcrl by Llio 
size of its foreign linguistic colonies, Chicago is llie second Eoheinijm 
cily in the worlds the third Sw'efHt^h, the fourth Polish, and tlie fifth 
fiennun (New York being the fourih), I kiiovi' of one large fat^tnry 
in Clucago employing 4^300 handi^^ representing twenty-four distinct 
nationalities^ Rules of the establishment are n^gulnrly printed in 
eight binguage^ In one block in New Y^'orki, where friends of mine 
are engitged in collie sett lenient workj tlicre ui'o lAOfJ people of 
twcjity distinct nationalities^ There are more than Lwothirds na 
many native-born Irish in Boston as in the capital cityi Dublin, 
1\ ilh their childr^ai, mainly of pure Irish bltxxl. ibey make Boston 
inilubitably' the leading Irish city in the world. New' Y'ork a 
larger Ttatian city to-day iliati Itonie, having rj00,000 Italian rolonistB, 
H contiitijs Jio less lliati 800^000 Jevi's, mainly froin Kussta, ThuA it 
h cosily the fominist Jewish city in the worhL Pittsburgh the center 
of our iron and steel industry, is another Tpwer of Bal>cL II is said 
to contain more of that out-of-the-way' people, the ServiansT^ than the 
capital of that country itself. 

Such Iveing the ertiiijc diversity of our ix>piiIationt the primary and 
fund anient lit physical qiiestion m as to whether ihcj^ racial groups 
are to coalesce to form ultimately a more or less uni form American 
or whether they lire to continue their separate ciLlsLences within 
tile omfnies of ono ixilitical unit. Will the pi^igi-ess of time biiiig 
about intermiictiire of those diverse iypfs; or will they remain sepa¬ 
rate, disiinct^ and [wrlmps dis^cordant elements for un iiuielinite 
ixrisxl, like the warring natiomilities of Austria^IIungarj- and the 
Balkan ^States? may perhaps best s^'k an answer by n serial 
discussion, first, qf thosi^ factors which tend to favor intermixture, 
and Lhercafter of those forces which operate to prevent it. 

The extreme tnohility of our American population, ever on the 
increase^ la evidently a oolvent foi-ee ftxun which powerful re^^ults 
may well expected in the coui^ of time. This b reiitlcnHl 
pc‘cuharly patent by the usunl cqncomitant that this niobilitv is 
largely confined to the male sex. The censiui of ISKK) showed that 
nearly one-quiirter of our native-born whites were then living in other 
States than tlig^je of iheir birth, Kansas and OkJaliomii are probably 
the moat extreme examples of mch. colonbatioii. Almost their entire 
popiiliition has been transplanted, often many times* moving by 
stages from State to State. Tlie last census showed that onl^ 
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per cent of llie popuJntiou of the former State were natives of Kansas. 
All flJialyBis of the membership of its state legisiature some years ago 
revealed that only D per cent T^ero bom within the eoniincs of the 
.State, Even in the staid common woo Itli of Iowa, only about one- 
third of the Aniericaii'bom popnlatioii was native to the State. 
This restlc*ssness has always been dmracteristic of our original stock. 
Even our farmers, in other ctmntrics more or less yoked to the soil, 
are still on the move, traveling first westward, and now southward, 
seeking new outlets for tlieir activities. And from this rural class 
is also drawn tlio steady iiitlow to tho great cities and industrial 
centers, ivhirh is so much a feature of our time. Thus has rural 
New England lieen depopulated, leaving almost whole counties in 
which tVi-e inbidiitants to-day mimlier less than in 1800- In this 
process during ibo ten years prior to ISllO the little State of Yeriuont 
parted witli tuoiw than oiiu-half of her populntiun by einignitlon. 
Maine sent forth one-third. And other States as far south as 
Virginia and Ohio parted with almost us many. It lias Ix-cn esti- 
niatcd even of the city of Boston, an indiistriLil center of over half a 
million iubabilanbi, that the ohJ, native-born Bostonians of twenty 
years ago iiiiinlH'r less than 04,000. At first our immigr^ta do not 
fi^l the full nieosiire of ibis restle'sna^. The great inflowing streams 
of human beings at New York, Boston, and Philadelphia, like rivers 
reiidiing the cH-ean, tend to depoflll tbeir sediment at once, on touching 
our shores. At tlie outset tliese immigrants are immobile ek-iiients, 
congesting the sluinii of the great cities- But with tho mori par¬ 
ticularly, with the exception of the Jews perhaps, tlie end is not there. 
As among the Italians, tirccks, and l^candinavians, they arc apt to 
return to the fatherland after awliile, and then to come buck again, 
this time with n wider appreciation of their opportunities, so Unit 
when they ixunrn they scatter fur more widely. Instead of bunching 
near the pteumship landing stages they range afield. With their 
cbildrCJi this mobility may become even more marked. Cheap rail¬ 
road fares, the demand for harvest labor in the West, the compact 
labor on railways and irrigation works, all tond to stuuulate this 
movement. It was thus mobility of our older Anglo-Sa.'ton popula¬ 
tion w-hich kept the nation unified over a va.st and highly varied area; 
and it will lx? such mobility, engendered by the exigencies of our 
changing economic life, which will help to stir up and mix togetlier 
the various ingredients of our population. 

A second Influence, making for racial iiilemdxture, is the ever 
present inequality of the sexes among tiicse foreigners. This b 
most apparent when they first arrive, about 70 pier cent of them 
being males. Few nationalities noivadays bring whole families as 
did the Anglo-Saxon and German people a generation ago. The 
Bohemians, indeed, seem tu do so, as well as many of those immi- 
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gt-dints practically driven out from Europe by political porswution. 
Thus, in 1905, Eussia sent 50,000 women folk—more than c^ame fix>iii 
England, Swinlen, iiiitl < ic^rnitiiEy t-oiiibinwl, ciiitl Aus^lrEB-Ilungary 
sent 7S*000- or iliriee the riuinljer of women contributed by England, 
Ireland, and (Torfiiatiy, 15iit of the iiiiiiii botly the large majority 
are men. Tliiia vatiji^innl of male? teriib>, generally^ to followeil 
by more wonieri Iiiler, after nn initial |)cri<rtl of trial and esploni- 
tinjL Tims, Litiioug tbe Italians the proportion of men to women, 
once six to has now fsilkm to nbruil three to one. finving er^tab- 
lished ibemselres in Americu, wlmt am the^^e tiicji to do for wives f 
In ulJ eliov^^ mutrimony, early or late^ in man's natiirai estate^ They 
may write home' or go home and find brides among tlieir own people, 
or they may seek their wdves in America^ This prulMbly tbe ma¬ 
jority of them do, and, of «iiirse» most of these naturally prefer to 
marry within their own i^lony of fellow' countlymen. But suppose, 
in the first plnoe, this colony is predominantly meii> or corLslitute? 
a sinrtll outpobi, isolated among a populari4Ui alien or s^eminlirn to 
the IIS. An otld ccmsequence of the ambition to rise of these foreign- 
born men* temling inevitably to break down rHcial barriers, is that 
they twet an Ameritun-born wife. The wompn always is the con¬ 
servative dement in society, and tends to cling to the old ways long 
after they have h^en discarded by the men. The re^jult is that in 
intermixture of various jx-oples it i? mm^? ct^monly the man who 
marries up in the socinl scale. lieing the active agent. he inclines 
to choose from a socltil Nation higher than his own* There were 
about 15,000,OCX) petiple in 1000 born in the Unitetl States of foreign- 
Ixjm pa rent 3. wholly or In part. Almiit 5,000,000 of these had one 
paroiU foreign horn and one native boru; that is to fay, wdth «ne 
parent drawn fiviau the second generation of the immigrant stream. 
Anil in fwo4birds of these mixed marriages it ^vas the father who 
was foreign Ixirti, the mother lieing native horn. Ttiis law I have 
verifiwl by many concrete examples and by some additional statis¬ 
tical data. It is Ihe same law“ whirh^ contrary to general heUef. leads 
iiujat of the infraiuent marriages across the color line to take the 
form of n negro hiisl>and and a white wife. For certain States, as 
in Michigaiu the registration statistics ate reliable, and here ugain 
show that over two-thirds of the mixcil marriiiges hitve foreigri-hcini 
grooms and notive-ljorn bri<les. At ihe United Hebrew Charities 
in Kew York City many thousand esses of dt'siitntion among for¬ 
eign-born women arise from the desertion of the wife, wdth her nld- 
fashioned Eiimpean waya^ by tho husband, who has oiitdifrtancod her 
in adaptation to the new life. This law is well home init in the 
growing intermarriagi? bttween the Iri^ih and the Italians. The Irish* 
from their longer residence in America, are obviously of ii higher 
social grade. The amhitioiia young Italian fmit vender nr thi" 
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.Tewtirh nierchant who lias biiiiig denio^l a wtfiy iimon^ 

Ills own people, tliere l«?ing ioo few tn go annind. then wood ami 
wins an Ililiamian bride. Religion in this instance b no bar, Iwtii 
being Cailiolii^s, Tn a similar fufihion, in New England, w^here Or¬ 
mans are EKjarce and Trbli abound, it is the German njon who n5-iially 
marries up into an Iclsh fimiily. The sanio thing sterns to be tmc 
oven in Xcw Vorb, wliere the German colony is veri' large. 
U 3 tt 4 Tnarriiige lie tween the two pcmple ncetirs, six times out of i^even 
It is the IrL^i woman who bears the cbildren. In this c<mnection the 
inifKWtiitit role in ethnic intertiiixlurc by the Irihb women deserves 
mention. One reason is surely her relative ahundiinm ThuSt in our 
Hci^ton foreign colony^ with ievery other nationality largely repr^^ 
stilted by luen^ tbci'c is a surplus of l.JKK) Irish females. But a 
second reason also is the suiseriur adaptubilily uml comradeship «rf 
the Irish woman, together with her deintjcratic ways and lack ot 
spirit of caste, Irish, or Irish-American, womanhood bids fair to 
U' a potent physical metliator la^tw^ccn the other peo[)les of the eurlh. 
One may picture this procefs going further, especially in thosG parts 
of the country where the more ambitious native-lxira malcji have 
eniigrated tci ibe West or to the large cities. The incDjning foridgn- 
ci^, stendiiy working upward in the etxvnomic anii iwial scale, and 
the strande<l, dow^nward trending Amerienn families, iicrbaps them- 
£a?lves of Irish or Scotch-Irish descents may in time meet on an 
even plane- 

The subtle effects of change of environment—religious^ linguistic, 
politiciil, and social—^is another jjowerful influence in breaking down 
ethnic barriers, The spirit of the nrwr liurroundings, in fEict, is so 
different as to prove too [xiw'erfially iljaiiiti^gniiiug mi hiilkienct. It] 
the moi'^al iiud religious fields this is pkiuly noticeabk and often 
pathetic in its resiihs. The religious Ix^iida are ofien entirely 
snapi^d. Tills is discernible among the Jews everywhere. As one 
observer put it to roe, “ Religiun b supplantixl by socialism and the 
yellow journal.-' Large uumbers, notably of the young men, break 
loose entirely^ and become agnostics or freethinkers. Tlie Boheniiana 
are notorious in this tegurfL This is aci'funjnmied by a Vjrcakd.own 
of patriarchal Jintbority^ m the family, ntid with it^ in the close con¬ 
torts of city life, the baiTicrH of religion agumst Intermtirtinge 
vislljly weaken. Dlffci*€iires of laiiguago are also less powerful 
diviiliiig iiiiluences than one would think. ciij>ccially in tJio great 
cities- One not infrequently liciirs of bride and grnnni not lieiug on 
speaking terms with one an other. And one of uiy friends tells me 
of a pathetic in-Slancc of a CKi^h-Geriitnii marriage in which tlic 
man painfully acquired some knowledge of German, but in bder life 
forgot it aliiKKSt entirely, sso that in the end the two old people were 
driven to the use of signs for daily mterooiinsc. 
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Despite the best efforts of parents to keep alire an acquaintance 
with the mother tongtie^ it tends to disappear in the second generfl- 
tion* To be sure bL the present time no less than obout 1 in every 
16 of onr entire ^lopulation, sccording to the census of 1900, can 
not even speak the English langoage. Such ignoriinoo of English 
of course tends strongly to persist in isolated rural commutiilies* 
The PeniiS3dvania Dutch, who still, after over two hundred years of 
residence in Atncriea* can say “Ich hahe mcin ITb.i.is g^-p^iinUd and 
gQ'whitewnahedy'^ are a case in point. It is Eiverrecl that in some of 
the Polish colonies in Texas even tho negroes s|X}ftk Polbli, as 
Swedish is used in Slinnewota and the Dakotas, German in the long¬ 
standing Swiss colonies in Wisconsin, and French among the French- 
Canadians in New England. On Cape Cod, in Ma^ichusetts? many 
rurul schools have a separate room for the non-English speaking 
pupiD. Blit the desire, and even economic necessity, of learning 
English is overwhelming in its potency. In the trairritional period 
of acquiring English tho dependence of the parents upon the chil' 
dren entirely reverses the ciialonmry relationship. Even the j'oiing 
chiklreii, having learned English in tlie public school, arc iiidis- 
pcnniable go^hetw^eens for all intercourse with the piibUc, As a 
result they relegate the parents to a silliordinate position before the 
world. Census enumerators and college^settlement workers agree 
in citing instances where the old people are conunanded to 
tip” and not interfere in ofhciul convei^ationa; or, in tho familiar 
ndmonition, not to spe^k until spoken to.” llie decadence of 
family authority and coherence due to this cause is indubitabkp 
TliuE it comes about tliat already in the second generation the har¬ 
riers nf 111 I] gu ago and religion ngaitisi. ethnic intermixture are ever}*'- 
where breaking ilow n. The English tongue readily comes into serv¬ 
ice, but, unfortunately, in resj^ect to religion, the traditional props 
and sjifeguards are knocked from under, without as yet, in ton many 
instances, suitable Fiii>stitutes of any sort Ijcing provided* From this 
fact arises the insistence of the problem of criminality among the 
descendants of our foneign Iwm. This is a topic of vital importance, 
hut somewhat foreign to the particular subject in hand* 

Among the influences temliiig to hinder ethnic intermixtun?* there 
remains to be nientinned the effect of concentration or segregation 
of the immigrants in ct>mpnc:t colonics, which remain to ail intents 
find purposes as truly outposts of the mother civilisation as were 
Carthage or Trevea This phenomenon of concentration of our for¬ 
eign born, not only in the largo cities, but tu tho northeastern quarler 
of the United States, has become increasingly noticeable with the de¬ 
scending fi^’ale of naliDiiality uuiDog the more recent immigrants. The 
Teutonic peoples have fK-Bltured widely, taking up land in llit^ West 
and thus iKjpulaliiig the wilderness. But the Mediterranean, Slavic, 
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lind Orienlfll people hemp up in the great cUies; ami wUh theoxcepiion 
of Chiciigo, s<?1doai penetrate far inland. Literally four-fiftlia of all 
uur for$igii-lx>rn citizens now abide In the twcK^e principal ckl^ 
of the countrTj and thi?se arc mainly in tlie East. We thought it a 
menace that in 1890* 40 per cent of onr immigi-nnts were to be found 
in the North Atlantic States 5 but in the decade to 1000 four-fifths of 
the newcmiTiers ^ttlcfl there; the result being that in the latter year 
not 40 hut actually ftO per cent of the foreign born of the United 
Stales residetl in this already densely iK>pulateci area. Foim-fifths 
of the foreign horn of New York State and two-thinls of ilios$ in 
Illinois are tiow packcfl into the large towns. To bo sure this phe- 
nonielion of urban congestion is not coiilined to the foreigner. IVitli- 
in a 19-inile radius of the city hall in New York dwells 51 per cent 
of the population of the great State of New Yorkt together with 58 
per cent of the population of the iidjoining State of New Jersey* 
Rul its results are tnore sertoas aiuong the foreign hcapetl up 

as they ai^ in the slums and purlieus. On the other hand, in the 
middle and far M'est. the proportion of actual foreign born has been 
declining since ISSi^O. Cities like Cincinnati or Milwaukcci once 
largely Genuau* Itave now become AuiericauizciL Tn tlie second 
and Ihird generations, iiut recruited as actively as before by const uni 
arrivals, the parent stock lias 1>ecoiiJe visibly diluted. And in the 
rural northwc'it, a.^ the older Scandinavians die off, their jdacew an? 
l>eing supplied by their Anieritmn-born descendants; but with admix¬ 
ture of raw recruitK from the old countries to a lesser degree than 
before. 

I'hi.^ pbeuntnenon of concen trail on obvionsly tends to f>erpetunte 
the survival of lociiil stocks in purity. In a dem^c colony of 10,000 
or nOjOOO Italians or Russian Jews there need be a little coiitacii with 
other niitioiuilities. Tlie English laugtuigie may intrude and the old- 
fashioiuHl J'cligion may lots its potency, but as far as phj^ical contacts 
aiT conceriieilt the colony may be self-snilfident. I^rofessor Rnck 
found in the Czocb coluny in Chicago that while 48,0(Kt children had 
both parents Roheniian. there were only 799 ^vho IkjcI only one pa rent, 
of that mitjonality* Had there 1 >een oiily a sniaU colony the miml)<-r 
of missed marriages would have greatly increassed. Thus the Irish 
ill New York, act^>rding to the census of 1885, almost overwhelmingly 
took Irinh brides to wife; but in Baltimore at the same time* whero 
the Irish colony w'as smalL about one in eight ximrried native-born 
wives. Such facts illustrate the force of the inllncnees to bo over¬ 
come in the process of racial interrnixtim^. Call it what you pleose, 

coDstriousness of kind,^ or '■^race mstinct,'’ there will always he, 
iis among atiimaJs, a disposition of distinct types to keep separate 
and apart* Among men, Imwever, tlds seldom Eu^nies ronerete 
form in respect of physical lypc^j although in “The Races of Eu- 
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Olid the ^Tews, .^[arrioge elsewhem ii[>pears lu Ii«l^ rather h j] latter 
of bax'iul concern. is no physical antipathy IwtT^een different 

fHKipk'S, Oftentimes the attraction of a contntstecl physical tyjie is 
freely iicknowlctlged. The harrier to iDtemiurriflgc iHilwam ethniu 
gi-nups is mom often bn«?ed upon differences in econonile status. The 
Italian Dago is lookfal ihnvn iipciu by tlio Irjsbj as m turn tlie 
IrisJitnun used to Ijo elmraeicrjssed by Oie Anieriiam ns u ” Si!ick»'* or 
u Paddy.” Any such Hoeiid distinctions cozislltute serious Iiandicaps 
in till- ma trillion ill 1 but on the other handj as they arc in con- 

sequentx" lurgtlv artilicml. they tend to disapixnir with die demon- 
slmtinti of economic and isocial cflicicncy, 

tleret^ifoix^ our atteutinii has lx“en din.'jctetl Uj a iliscussion of the 
influences making for or iLguiiuit a phj'iikal merger of tliese tiivers 
jieopki'* !t may uow be prot>eF to iiiquiro how^ much o( this inter- 
iiiixttire lliere ivally is_ T>oes it afford eviJciice of tendencies at 
work» wliich may in tinio achieve mnineiitiis rcsulLs? Tlie hi'st ciif' 
son' vicnv nf the field wuidd leail one to deny that the pliciioinenoji 
was yet of imporliince. The potency of the foixsis tending lo ivstrict 
iiiEennarriugi;': se<‘in-s too great, lint on die other haoilT fi'tJui such 
concrete statklical daEn as are obtinnuble^ it appears its if a fair Iwgin- 
tiing hud already Ikjcu rmnlci, considering the rereiicy of the phe- 
rioinenoiu The general data from tlic fetleral census arc valuidcss 
in this connection. Although they indicate much intermarriiigo of 
the foreign born with the native bom at foreigt] parentage^ the over- 
whidming preporideranee of thiu is* of eour^e, confined to the same 
etimic group* T!ie iminigraiiL Kusshin .Tew. or young Italian, is 
lEiendy ciitO itig with another of the same people^ born in Aaicrica of 
parents who were direct iminigratits* The bride in such a case is as 
tnily dew’ish or liatiati b\' Itlood as the grtKiim altlioiigh her social 
staLuit anil iMronomie condition nia 3 ' Im? apprtoiahly higher. Hut evi- 
tJence of true intermixture aiaws ethnic lines is not entirely litdiing. 
Xo le^K than atS^OOO jiersons an? enuiuenited in the federal ceiibus as 
Wing of mixed Irish aial German parentage^ for example ^ und of 
thest^,b?,iOO w”ere from Xew York *State alone. German-English inter- 
marriages are altont as frer|uejit. niiini>ering 47 ^IX) 0 . I rish and Freiirh- 
(^nnadioji marriages numliered lii,300^ accorfling to the same author¬ 
ity* Three times out of five it is the Frendi-Canadian man who 
aspires to an Irish hride. In die northwest the Irisli sind Swixles 
are said to be evineing a gi'owjiig fondncj^s for one anothern For 
die newer natJonaliiics tho tiumliers are. of course, smaller. 

Soim idea of tho prevalence of mixed marrluges is afforded by 
the special bed rensus data of IDOO. Take one iiationality, the 
Italians^ for example* There were 4ft4,'20T in all iu the Uniteil 
StaieSv Gf the-rf nearly one-half* or hmi both parents 


EUROPEANS Df UNTTEH STATES— mVhKY, 


599 


I till I an, MuiTia^es of Italtuji tiioth^fi^ iinJ American-born fathers 
produced yj47; widle, confornitbly to the law already set forth, no 
than had Italian fat hors and native-born mothers^ There 

still remBined 12.,523 with Italian fathers, and mothers of some other 
non-Amoriran natioTiaUty; and with IluUati mothers^ and 

fathers neither American nor Ilallan Ijorn. Thus of the 4^4.000 
Italian rofuingent nearly one-tentii proved to Iw of mixed descent. 
For the rity of HostoOj special inquii^^ showed timt Italians in 
a enlony of 7,000 were of mixed parentage, with prc<Jt>fidninily Irish 
tendencies. 

?ilixe<l marriages are, of course^ rolatively infrequent^ but at nil 
events, ns in these casc^^ constitute a Ijcginning, Sometimes they 
mmr oflcner, especially in the great cciitcrs of pupnlation where 
all are hettleil together in clothe order. Thtts in a Lensnia mide in 
Xew \"isrk of the oldest part of the city soutli of Wall and Pine 
streets to the Battery by the Federation of Churches, out of 307 
families completely canvassed it npi>enrefl that 49 were cbaracterked 
by mixeii marriages. Thia proportion of i in Ci is certainly tCK> 
iiigb for an average; but it Is nearly equaled by the rather unrclinblo 
liata tillordcd by tbo mortality statisties of old New' Vork for 1900- 
sbowing the parentage of descendants. This gave a proportion of 
1 to S as of mixed descent. How many of those called mixed were 
onl_v nlTspriiig of unions of fin^ and second generations of the 
same people in not, however, made clear. Some good authoritit.^, 
such as Dr^ Manrice Fj:sclil>erg, do not hesitate to affirm that even 
for the Jews* as a people, there is far more intprrnarriagp with the 
gentile population than is commonly supposed. In Boston the most 
frefjnent form of inLermarriagi^ perhaps, b lietweeti the Jewish men 
and Irish or Insh-j^Vnierican women. 

A few general olwervations upon the subject of racial intermixture 
may now be jsermitted. Is the result likely to Ije a superior or an 
inferior typej ^Vill the future Americau two hundred years hence 
1>€^ better or worse* a>i a physical being* because of his mongrel origin? 
'rbe grostest confnsion of Lhinking b penuilted upon this topic. 
Evidence to support both aides of the argument is to l)e had for the 
stacking* For the continent of Europe it is indubitable that the 
Jiighly mixed pipulations of ilie British Isles, of nortliem France, 
of the valley of the Fo, and of southern (iefiuany are superior in 
luany ways to of outlying or inat^t^sible regions where greater 
purity of type prevails* But the nicre statement of these facts car¬ 
ries proof of (be partial weakness of tiie reasoning* Wliy shruild 
not tbc jjeople of the British the Isle dc France* and of the 

Pij Valley lie the best in EuraiTcl Have thi‘y not enjoyefl every ad¬ 
vantage which a salubrity of elimate and fertility of soil can p irord? 
Wns it not* indeed, the very existence of these aclvantages which reti- 
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dei^tl gurrkii splits of the eorth Meccns uf pilgriujflge! Viewinl 
in It still liii'|Ter wny, Ls it not, ititleeiL the Tory bencfirotiee of iiatitro 
in these re^irds whicli hus ijiclucetl or perniitted n higher oToliition 
of the humnn species in Europe tluui in ani^ of the other coiititiout& 
The races certainly began even. Wliy are the results for as 

n ^vliule so superior to-Juy? AlfuLtl Russel WullacLv I am suns 
would have Inmi ready witli a cogent i^ason, Wluil right have we 
to dissoiuiitc these coiioomilantly ojveriitive iiiihiences of und 
erivjiTinincDl and iisciibe the dujjerjoriLy of physical ty|ie to the ctTeci 
of intenuixture alone? Yetj on the oilier hand, does not Uae whole 
evoluliuiiary hypothesis compel us to accept, some such faviirnhle 
conclusioii? ^Ylial leads to the siirvivn! of the iittest* uTileiiS rhere he 
the opjM>rtunity for viirintion of type* from which eUcctive choice 
limy result? And ^\ct imist students of biology agree, 1 lake it* in 
the l>elief that the crosaiug of types must not im too violenlly extreme. 
Kature piweeds in her work hy short and easy stngt*:^. At this point 
the opportunity for the stihlents of heredity, like GaltOP, Pearson* and 
their fellovx'-workei'iH aipi>eat% IVhat* fur itistiince, is the order of 
tmnsniiasiuii tif phyEiical traits as between the tw'o parents in any 
union i We have seen how unevcuily assorted iinirh of the inter¬ 
mixture in iVkc United States tends to be. If? as l^etween the Triah 
and the Italiaius^ w'ho arc palpably evincing a temlency to uiHtc to- 
gethciv it is lijnituoiily the Italian male who seekw the Irish wife; 
and if* us Pearson avers, inheritance in a line through the same sex 
is prepotent over inhorilance fiom the other sex, what luten^tiug 
possibiiities of hereditary physical djlfcreucea may result? 

Alt interesting cjiicry suggested by the results of scientific breeding 
and the fdiidy of inheritance among hnvcT forms of animal life is 
this* iivhat chance Ls Ihere that out. of this forcible di^-lch^ntion aiwl 
abnoiTual intcrinLxture of all tJie [K^iples of the civilized word theiv 
uuiy emerge it phyHicul type lending to revert to fin anccJitral one* 
older tlmn any of the ptr^ent European varielies? The law seems to 
t^e well J^iipfiorted elsewhere that crossing between highly evolved 
varieties or types teudis to cause reversion to the origins! stock, and 
Ifie gmiter the divergence l^etwcen the crossed varieties^ the more 
p<^werfnl does the reversionary tendency Ijecome. Alost of us are 
faiiTitiar with She iltnistratioiis. ftuch as tJm reversion among sbiH^p 
lo the primary diiT'k type* and the emergence of the old vvihl lilne- 
rock pigeem from blending of ihc fantail nmi tjouter vjirietii>s* Thu 
j^aiJie law is borne out in the vegetable world* the facts Iwiiig well 
known to fruit gttnvers and horticuUurirtfL Tlwi! more iwently- 
actiuimi chantetcriatics, i^spccially those which are leas funda- 
lufiutally useful, are sloughed off, and the iincCHtnd fcatiir^is* rnmmoii 
to all varleLi(*s, emerge fr<m ilormancy into promitients?. |s?iie tu>c<1 
not be rai^: as set forth by Dr. G* A. Reid* whethw the result of 
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rrosiibrmliTig ^ alwriys m fnvor i>f rcvciNion anil never of progrc^i- 
feiuii; blit iTiien^i'ing possibilitiesi- linked up with this iavr nmy I>p 
siiggestetL All !>^tt]dents of naliinil science have nocepted the [primary 
:ihd proven ttriiots of the evnlnlionary hTpothcsi&, or rnthetj let us 
sttv, of the law of evolution* And all alike acknowledge the subjec¬ 
tion of the Uytnaii species to the operation of tlie same great laws ap¬ 
plicable to all other fonrtis of life. It would have been profoimdJy 
suggestive to bavc heard from lliixky on a theme like this. Wc it re 
familiar in eerlaiti isolitled ^poU in Europe, the Dordogne in Fiaiite 
for ejiuinple, with I be jM^rsisteiire uf certRin physical tyj>Bs witUoui 
change friun preliistoric tiiiuK. I'he modern peaiiaTit is the proven 
descendant of the man of the stone age and the niainmnth. Rut 
here is luiother intHle of aeco.^s to that primitiv^e type, or even an 
oldei\ ri I in ling bock to a time liefcti^ the ^^parlltion of Esmji>ean 
varies ic^ of men began, Tims, to Iv iiioi'c specihc, there can 1 :h? little 
dimid ihat lUe primitive ly|>e of Eiiro]?eini was briinette, probably 
wish black eyes and hiiir and a swarthy skin, Teutoiiie Itlondnesss 
ifl eerlaiiily an acquired irait, not very roceni, judged by historic 
sLandnrdSj to lif^ sure, init as certainly not old, measurc<l by evolu¬ 
tionary tinu^ W^uit chance is tJjere that in tlie unions of rufous 
Irish and dark luilian iyp^ a rever=iion in favor of hninetteness may 
result? Were it noj for (he infiairnmitory ehariirtcr of the contro- 
veiw in a gatliering of anihropologists over tlio relative primitive- 
rirs,s of the iloliclioeephidic and bmebyrepiialic types in Europe^ 1 
iiiighE bo. tempted to- go fiiiiher amt speculate as to the bearing of 
American racial inten nix lure ii^mn this much-mooted c[uestioii. 

A relatively iinini]jorlant, yet theoretically very interesting* de- 
htil of the subject of racial intermixture is suggested in Wester- 
marck's brilliant History of Human Marriage.'^ It is a welbkrsow-n 
statiKtii-al law, nlmcist llie world over, that there are more boys thim 
girls born into ihe world, Tbt^ normal mtio of births is akuit lOH 
males to Hlfl feinaleK Students have long sought the reasons for ihis 
irregillarit v\ hut nothing has yet Wn proven (tjiiclusively, Wester- 
inarck brings together much evidence In show that this pnipnriiofi 
of sexes at birth is etfected by the anicmnt of inbreeding in anv^ 
social group, emssing of dilTerent slncks tending lo increase the per- 
eehliigi^ of femult^^ bsrili. Thus, among the prench Inilf-I>ree<li5 and 
rnulnltufi in Atnerieu, among mixed dewisb marriages, and in xSniitb 
and Centnd America female births may at times even olTset the dider^ 
ence and acliiAlly preixmdenite over ilie male liirtli. The interest 
of this tcqnc lies in the fact that it i^ unique among social phenomena 
ill Ixdng, so fur as we know, indeiiendent of the bumaii wilb It 
k (he L'xprc^vsifU] of what may (ndy lie divnomitiated natural Iaw\ 
Wes term arck''s^ general (liological reas^iniug is that masmudi as the 
rate of increase of any unimal coiiununity is dei>cndent upon the 
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niiiiilx'r nf proiiuctivc females^ a sort of aocomiuodattou Ljikesi place 
in t'ftrh cmie between tlie potential rate of incn^^ase of the fft^up and 
its means of snbf^LeienceT or dmuco of stir viva]. More females at 
birth is the response of nature to the increasinffly favorable environ- 
ment« or cx>ndition. Iti-nnd-iii-breeding tinclonhledly injurious 
to the welfare of any specie’s. As ^ndu according to IVestermarck* 
it is accompanied by a decline in the proportion of feinnles 
This is the eKprcssion of nature’s dijispprovnl of the [jmetice- ■while 
intennixliiro tenda^ contrariwise* to produce a relative inereaisc of 
the female sex. Certain it is ihal an imposing army of evidence 
can nmivhaled to give color to the hypothesis* My ?niggt*sfion at 
(ills fK>int i» that here in the nidir4i] intermixture jnst now lieginning 
in the United States, and sure to a5:sume tremendons ptruMirtion^^ in 
the of time, will be afforded an opportunity to study man in 

his relation to a great ualnral law in a way never before rendered 
possible. StatisLiejd inateriBl i;s at pi^sent loo meager nod vague. Init 
one may coofiduntly look forward to such an iiiiprovement in this 
reganl that an inviting field of research will i>e exposecl to view. 

The sigtiificancc of the rapidly increasing irnmigrittion from 
Kiirope in Cerent years \s vastly erilianced by other influences in the 
United States, A powerful process of socinl selectnui is apparently 
at work among ns. Kacial heteix>gcneity, due to the dicei't influx of 
foreigners in large numbers^ Is aggravated by tlieir relatively higli 
rate of reprmluetion after arrival; and in many insttiiices by their 
anrpriffingly Enistained teiiaeily of life» greatly exceeding that of 
the native-born American. Ttelative submergence of tlie domestic 
Anglii-Sason stm-^k is strongly indicated for the future. Kace 
snicidct'' marked by a low and declining birth rate* as is weU knownj 
is a world-wide social ]dienoinerLon of the present day. ?for is it by 
any means confined solely to the so-railed ^ iip[wr classes*” It 
so notably a elmracieriatic of democratic communities that it may 
iw regardecl as almost a direct concomitant of equality of opportunity 
among men. To this tendency the United Stales is no exception; 
in fact^ together with the Australian commonwealths, it affords one 
of the most striking ilbiat rat ions of present-day social forces. Owing 
to the absence of reliable ilatu it is impossible to state what the acUinl 
birth rate of the United States as n whole may lie: but for certain 
Uommoh’wealthfi the statbdical information ia ample and accurate* 
From this evidence it appciii^ that for tho?a^ communities* at. leasts to 
which the European imniigmnt rt^sort^s in large?^ numbers the birth 
rale is almost the lowest in the world. France and Trelnnd alone 
among the great nations of the earth slaml lower in the scale. This 
i^liitivity isHhown by the following table, giving the number of births 
tn each case per ihousand of population ! 
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'Diis criido birth rate, of is subject to i^evuml technical cor¬ 

rections, und should not be tnketi nl its full face value. Moreover, 
it ijtaj lie unfair to generalisse for the entire rural and Botitli 

from the data for densely populated communities. And yet, as han 
been obscrveih it is in our thickly-j^ttled Kasteru States that the 
newer tyja* of irnmi^Taiit teritk to settle, CoujseqnentlVs it b the 
birtJi rate in these States^ as eornpam] with that of the newcomer/ 
upon wludi rdrial survival will nltiiiiatdy deixmd. 

The birth rate in tiic riiited Statesi in the days of its Anglo-Saxon 
^voiith w'as one of the highest in the workU The l^est of authoritv 
traces the beginning of its decline to the first opfjearaiK-e^ about 1850. 
of immigriition uti a large ^^cale. Our great phllo^sopher, Benjamin 
Franklin^ estimated six children to a nomial Arnerieari family in his 
day. llie averagi^ at the present time b i^lightly above two. For 
BKKJ. it is i-alciilxited that there are only ihree-foEirths ns many chil¬ 
dren to potential nioLher^i in Ana erica as there were forty years ago. 
For Masjuiduj-setts* w ere the old rate of the middle of the centun' siia- 
tniiiech there would Ije 15,000 more births yearly than now occur, 
fn the course of n centnry the proportion of our entire population, 
consisting of children under the age of 10, has fallen from unc-third 
to one-^pniTtec. Tliis, for the whole United x^lntcs, b i^iuivalent to 
the loMri of about 7,00fl^(XK) children. So alannitig has this pheuoiu- 
I non of the falling birth rnte become in the Australian ofiloines that 
in New South Wales a spt^eial govern mental cotnmb^lon has volumi¬ 
nously reportetl niwn the subjeclp It is csiimate<1 that thei-e Ims Ixen 
a decline of about oiiedbird in the fruitfulnes 5 « of the people in fifteen 
years, Xew^ Zealand even coiuplainsof the lack of children to fill her 
schools. The facts concerning the stagnation, nay even the ratro- 
gressioiu of the population of Fiant-e are too well known to necil ile- 
jMTriptiotL But in these other conn tries the prt^jlem is relatively sim¬ 
ple, as comt>flred wutli our ow n. lltelr populations arc homogeneous^ 
undt ethnically ot least, arc all subject to these social tendencies to the 
same degree, ^^'^ith us the danger lies in the fact that this low and 
declining birth rate is primarily confineil to the Anglo-i^axon con¬ 
tingent, The immigrant European horde, until recently at least, ha?* 
continued to reproduce upon our i^oil w ith w^ell-snatam^ energy . 
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BuUlly the binh mLc anioug the foreign boni in Miisaichit- 

setts is about tlirre tiuu*i^ tiint of tiie ntitivo Iwrn* ChildloKs miirriaguH 
are oiie-tJiird less fm|uent. Tins somewbut raaggprates the conirast. 
bcLiiuse of tlitfering eoiiflillon-s as lo iigp atiJ ssfx in tlie two eliiissei. 
The diffcrericcs nevertheless, is very great. Kuezviiski lias made dc^ 
tailed invi-irtigatioiis to Llie rebtive fee^uidity of diJlcirnt nirial 
groups. The fruitfulness of Englkh^Caniidbii women in 
chiisetU IS iwioo that of the iliii^arhiiselts born; of llie (n^rmutis aiui 
Seanditiavians it hi two and a half tiuie^ as of the Freiich- 

Canadiiixis it is thrice; and of the Piwtiiguei^' four tinier 
among tlie Irish, wht> are eharacterize^i nowadays everywhere by a 
lovr hirth rate, the fruitfulness of tlie women is sVt per cent preater 
iJiaii for tliD Mftissadiii^^tts native iMiriu Tlie refi-oiis for thi^ nda- 
lively low fecundity of the douiestic slock are^ of course, much t le 
same art in AustnUia ami in Fnince, But with u^ it is as well tbi- 
[KKW whiteamnug tlie Xcw England hills: or hi llie Suutherii 
States as the town dweller^ who upfiears content wltli few childRUi or 
none* The foreign immigrant marries early und childi'en txiutiiiue 
to cOiiie until mndi later in life tlian among the uative Ikwh, It mii} 
make all the difference between an iiiereAsing or di^dining |>opu 
lion wliether the average tige of marriage is 210 3 ’^ears or yeanJ- 
cx>iitraBt betw'een the Anglo-Sason and its rivali? for supremacy 

may be stated in another wuy, IMiereasi unly about one-niiith of ihe 
married women among the Frcmch-Canadiam, Irish, and (icrmari.H 
are chiidlesi^, the prm^>rtion nmimg the Amerirun Uim and llie Eng' 
lish-Canaclians is as high as 1 in 5. A century agfj al>out 2 p-^r 
cent of barren marriages was the rule. it any wonder th;U ^tIoh^ 
students conteinplate the racial future of Anglo-Sasun Atnerici* 
witli some concern f They haw witnei^sed the passing of the Aiueri- 
ean Indian tifid the buffalo. And now they query us to how long the 
^Vnglo-Sasoii may be able to slirvivCp 

()u the other bsmh oviiieneo is not lucking to .show that in the 
scx'ond generation of these itiiudgraiU pojdi's a •^hiirp and consider- 
uhle, nay, in aoine cases, u truly planning, decrease of fruitfulness 
occurs. The crucial time among alt our newinimers fvom Enrofie has 
tdwsiyB been this gt^neiaiioTu 7'he old cun^tomary iic^ and 

usages have been ahniptly f^uudered and new asstxnations, restraints, 
and responsibilities have nut yet lx*eii formed. Particularly is tins 
true of the forces nf family di^^dprEiic and religion* ban tilready 
}H*en observed* Unlil the coming of the ilmn the llaliiin, nnd the 
Slav, at least* it Iiei.h ta^ii among the ^fccond generation of foreigners 
in America, rather than among the ra.w iuiiuigrimtH. that criminality 
has been tiKist [mn^alent. And it is now becoming evident that it in 
this second generaUou in wliich the Lnflueiico of democracy and of 
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novel opporUinitv ninkes itself uppareut iu the sharp tieehno of fecim- 
aUv. Ill some twimi unities the frisk-America ns have ii lower birth 
rate even than the native born. Doctor Engelma(in, on the basis of 
[i largo jjracliee, has shown that among the St. Ijonis Germanii the 
proportion of barren marringca is nUnost unpretjedentcilly high. 
Corrolionilive, although technically inconclusive, evidence from the 
registration reports of the State of Michigan iippenrs in the follow¬ 
ing snggwslivQ table, allowing the nativity nf parents and the minilwr 
of children per innrriage annuaJly in each class: 

Ctiltdnn. 


UiTHiJiii AfijorliTJU-ljcni - 

Ami'i’lL'n.ii tMJrti riitbi:T+ fJfTPMiii - 

GtMTiinh fntljc?r, Oruinn iin>tJu3r- -- 

AmiTi^'aiti-b43ni Aiuifrlni n-lioni miitli-t+r__ -- 



a 

US 


1 hkive Wen iit some puiiii^ to secure informnLion ooiicern- 

ing the foreigti colonies in some of our Isirgc nnl»bly Xcw \ ofk* 

Dr» jMiiiirice Fishberg for the Jews anJ Dr* Antonio Stellti for the 
lirilijuM, Ik>IIi nohtble uutliorSties, cenliriu the fortrgejlng 
Among the Itiilitins psirLkuibtrly the conditions ure positirdy ulimii- 
ing. Peel I liar hocih! ronditkuis iiiflueiiciiig tlie birth rsite tiiid the 
terrific niortulity indueed by overcrowding, jiisanitution, tind the un- 
accustoiuGd rigors of the dinjute muke il doiiblfiil whelUer the Italian 
«?olony in New York will oven lie physically self- sustaining. Tims it 
fipix^ars that fortes are at work whidi may dieek tlie rchUivdy 
higgler rate of reproduction of the immigrants mid i>erhaps reduce it 
more nearly to the iVoglo-Hason levcl- 

Tlie vitalily of these imiiiigrants is surprisingly high in some in¬ 
stances, piLrlictilarl^' where: they uttaiti tin open-uir rural life, fho 
birth rate stands higU and the mortality remaios low. Siidi ai*^ the 
ideal eonditioos for ra|nd n^prodiiction of the s[>ecics. On tVie other 
hand, where nvercrowiled in the s!\ims of gi'i.^at eiiieSj igiioiitut ami 
poverty stricken, the irifant mortality is very higlij. largely offsetiiiigt 
it may be, the high birth rate, Tlie mortality rate aniong the Ital- 
inus in New^ York, for lostance, is B?iid to lie tw ii?e as high lo? in 
ftalv- Yet s<imo of theac inmiigranU, such ns the Scandinavians, ans 
particularly hardy and ondiiriug. Perhaps tlie most striking in¬ 
stance is that of the Jews, bitli Kusslan and Pnlisin According tn 
the census of 1^00 their deuth rate w^as only uiie-halt tlnit of tlie 
imtive-hurn Amerie 4 iii. For tliree of the iiioc^t crowdetl wank in New 
York Citv the death rate of the Irish was *M piir 1,000; for the (ier- 
mans, for native's of the United Statc-s, lo; while for the Jews it 
was only IT per LOOO, l\v iictiial compiUEitioin at tliest^ ndaiive rate=#, ’ 
starting at hiith witli two groujis of hOOO Jews and Ainericaiis, rr- 
hpeetjvely. the ehaiit:es would lx* that the tirsl half of the Americans 
would die within forty-seven yearSj while for the Jewis this would 
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Jlut occur Uiiti] the of svvejjiy-orii* Hociiil scleclioD nL 

thill nite woultt be bound lo produoo very positive rt^ulbs in \^ (cen¬ 
tury or two. 

At the otitset, cHinfeiffiion \ s^ah mnde thiit it waj* too e^rJy yet to 
(Iniw positive coiiclns?ionis ns to the pfd>flblo uiiti^nu? of ihh ^reHi 
etliiijc! Kt niggle for dominitncu mid HurviviiL Tlie grout Ueui imd 
sweait. of it is yet to come. ^Miercver the Auglo-Suxoti hns funHl 
forth into now lanrbp hb suprcuiucy in his eliosen field, Avimtever 
llittt mil}* \k\ has been Tiiunfully upheld. Indio wus never ctuitoni- 
plulod ns II center for fiettleinent, luit Anglo-Saxon laAv^ order, and 
civiliy^ation have prevailed. In Austral in, AA'fiorr nature lias ofiered 
inducements for netnul qolouixatiun, ilie AnglcHSason Line is up- 
purentlA' apaured of physical iisceiidency. Hut the giiiat domain of 
Canadii—greater than one ran conceive wiu> has not travei'ised its 
northwestern empire—is subject to the saimo physical darigt*:!' which 
confronts us in the T United States^ a etna L pliytiical sulnncrgenoe of 
the Pmglish stock by u flood of ointincjitnl Eumjjean |^eopIes^ Aiid 
yet^ after all^ is the word danger’^ well consideml for use in this 
coiiniX'tion ? ^^Hiut arc the English peojde^ after alL but a highly 
evolved product of racial brcdiliiig? To l^e sure* all tbe later crosses, 
the Saxons, Duni^ and A'ornuinriy have been of allied Teutonic origin 
at least, \et cuconipasaiiig these racial |phenomena Avilh the widis 
sAveejntig Adi^toti of tiim in whose honor this nddrt'iss b rendered., dare 
Ave deny an ult injate unity of origin to all the pAH>pk of Europe i Our 
feeble attempts ul etlmic analysis cun not at the liest reach further 
back than to secondary origin. Aiul the pritfiurv pliysinil brother^ 
hood of all branchi'^s of the white race, nay, 1 will go even, further 
and say of ail the races of men, must Hdmitted on fuitli—tint on 
the fnilh of dogma hut on the fuiih of scienlilir probahitity. It b 
only ill their degree of physi<^il and mental evolution that tJie races 
of men aie ditlerent. Von have your Avhite mans burelen to bear 
in India; we have ours to bear Avitli the American negro and the 
hilipino^i, t^ut du even greater i*esj>oiisibiUtv lA ith ua and AAuth our 
Canadian felloAv-dtizei^ is tlmt of the''Anglo-Saxonburden^—to 
fio nouryi, ujdift, and inspire all these immigrunt peoples of Europe^ 
that in due course of time, even if the phvsieal stock bi^ iiitmdatcd 
by the engulfing floo<l, the torch of Angli^Saxou civilization mnl 
idcub, Imrne by ixir fathers from England to Ameriai, shall vet burn 
iLS bright and dear m the Xcw World, os your fires have contkiucd to 
illuminate the Old. 
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THK REPIjBLIC OF PAX.VilA AXB ITS PEOPLE, WITH 
.SPECIAL KEFERENCE TO THE INHlAm 

[^VltL 14 r^lDteE.] 


By E'It.viaz^or Yoeke Brjj^ 


iKtmiUUCTlPJi, 

Tlie object of tbifi paper bns been chiefly lo eollw-t timl record the 
somewhat ficanty imd widely scattered data concerning the Piuiamfl 
Isthnitifi^ mucli of wUSch Is not available lo the average reader, Ijeing 
%vritteii in eiHier the Spanisib or I be French language^ especmlly the 
most Valuable iiifuntiation in regard to the uljorlgiiie^ An attempt 
has also Ijeen made to describe tlie scenerj' and tlie imtiv^cs (in many 
in.ytnni’^ from persfmal observation), and to reconcile widely di¬ 
vergent statements* as gi^’cti by yarious autlmritie^, wbeti ticcasioned 
onl}' by minor mistakes, such m the confusing of geographical 
TinmeSf etc. 

The notes ibrongbout are nuinber^nl and refer to the list of boobi 
consul ted. 

Of the iJl,571 square miles comprising the Eepublie of Panama 
only t\ small section is known to the foreigner^ nnd even the edu¬ 
cated Panamanians tbcmselve;? possess a very- slight kiu>wledge of 
their country as a whole, vast arras of 1>eantifiil hills and valleya 
lieiiig practically iine:tplore<]. The great cstent of coast Hm and pro- 
jiortionafe small iireUy through which 463 no-called rivers flow, has 
worked against the development nf the interior by mrams of exten- 
ftivc road building, ns the Hninll amnunt nf niiUvo produce is easily 
tiaimported down some navigable slrenin to a const town* The cli¬ 
matic conditions* the scarcity of labor, the poverty of the country, 
and frequent political disturbances have also played an ]m|H>rtiint 
part in ihi« lack of progress in Panama. But Paniumi is undouble^lly 
n land well enriehwi by nature* and before long conditions must 
change w-hich will re,suU in tlie acf|turoiiipnt of many fortunes through 
the exploitation of its mineral and agricultural rcsourci^^ 

007 




608 ANNUAL aEPi>RT BMITHSONTaS^ INSTTTUTIOS, 

The Ke]jij|jlic fruni ihe iKirdi^r of Owin Rial to the Ikpart- 

Dieiit of tlie Cftiurn, iti Coloiiibifl, ulnoiit 4I<* milking, therefore, 

tlio greatest length froiii west to east. Pntiania City is msi of Colon, 
a fact very confusing mi fii'St h> ihe stranger who sees tlio son rise 
in die Pacific anil set in the Atlmitie. At this point iho Isthmus 
is about 47 miles in widdit which is nut, however, the iiurrowest part, 
as the distance from the moiitli of the Rio Ihiyaiio to Mandingo Ray ia 
only SO miles. The country is scarcely half inhshSteil and in no 
sections at all thickly popultiterlj csrept the Jil3fjve-inentifiiicil cities; 
and towns stretching along the Panama Ihnhoud and tlie bfiidts of 
the Chagtes. The valleys of the Raya no or OhefH>, llie Tuyra, and 
lower Chueunaque have scattered villages, but from Panama 

through the Di'pjirtnient of diiriqui are several large 
imtua or cities \iitli their surrounding (UstricLs wxdl pc^pulnteil, the 
wluile cistitaiixing a larger piT cent of the “ snngi'e asiid/^ whip* bhHaL 
than is to he meL with outside of the napital city. The high CordiP 
lei-us are Ijelieved to hts to ii grtnit e: 3 <tenlj uiiinhabitcd at the prcisent 
day, though in several sectiuns diene are known to lie ruimljctb of 
tn dial IS, as in the iiitervenitig valleys and coast-s* 

tieographically, the Islliiiiiis a|ipcars to IxdiJiig to the Noithern 
Continent rather than the Son I hern, qf which it lia^ ahvfly?^ been a 
part, politically s{>eakiug, yet its nicaiiitains are detaclicd from thi;>se 
of Custu Eica, except a spur erossing the border lietwisai Chiriqui 
and Bocjis del Toro, and at Ihirieii there is jilfcK> a decided break Wforti 
reaching ihc Andes,* 

The mnuntaiii elu vat Lous vary from 1,1*00 tci 7,000 feet, with the 
three vulni^nic peaks—Rico lUaneu, It.740; Volcaii de Chiriqtii or 
Rard, 1I;265; and Hiivalo, T,0:i0 (14). In matiy cuse» the figures 
givtiii ijf thiisii niuuiitaiii elcvalToo}) must lie hirgely conjectural owing 
to the fact tlial much of the intonor is almost iiaknowu, hut thossC 
4ibtainrd by imiriiie surveys arc coiLsidered more reUalde. Pniiatna 
lies 8 degrees from the eijiiator, xtud hiis a tenii>cralure averaging 
C. It has two seasons, w'et and dry, ihe latter lasting only 
from DecemlxT to April, when it does not ruin at alL During this 
periral the climate h ver>" agret*able—the days edear and tlic nights 
brilliant, While modern knowledge of saiiitution and hygienic liv¬ 
ing in irupiE-al cxuintrics has done much to iiuprove the largidy unde> 
served bad name of the Tsthmiis^ still there ate nmiiy melons of 

RC-iitiblEaile r^iunnxn ap|Jnrn4flnt a a point <le vac }r^4j|miEiliUiue A 
TAaierliiuc CentraleH EUe trtrnve iiu tioat ile U\ kiiigue liaaUe Ue t*'rre« 
IgrlaaKaaeii aul foraieut lea aian^ax Ue la cbiiUie dp mnarnauvfl retlant depida 
ilea teaipH tertliilrLi? !ea ciailtaeala HciiU'atrliunaiJi ut iia>rktlcaaa;E dc' l\\nifirtp|iie. 
Iji aalim da i^jiUDlre de to diX'flDwrlo, rorlctne diai Uat>itnul» * * * 

fflit ciaftwr la n^mbUciiip dv Pfliinnut iiarial ivs eaotr&^jf d*; FAiutrlaee Ct-u- 
intie" (X»), 
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low-lying and shut-in valley (listriets wliere, especially during 
ihe rnifiv scotion, when the t'lvRuite is fnr from hetiltUy for I lie mi- 
ecelimnkd and where the enervation oevasioned by the eswsaivi* 
humiilUy with a ci«ni para lively high temperature produces much dis- 
comfort and endangers heallh. The whole north ctMisrt, with I he ex¬ 
ception of llocas and Colon, has never provetl a Huitabk plaw of 
Imbitntioti for the while man, though it was first settled by them, 
and mony successive attempts at colooimtion along the shoi'o have 
IxHin made. 

iludi of tJio scenery in Ptinamfl, aside from the '■ Iwaten track ” 
is esireraclj' and unexpectedly bcailtifnl. In the Imsh. aa it is called, 
far from luiiinin dwellings, where complete solitude reigns, tlio won¬ 
derful elmriii can best be appreciated, lAively effects of light and 
shade are prodnrod as the everpresent rain squall siveejis oyer the 
scene, changing, in a momeiii, a brilliant green siiviiima or fringe of 
jungle covered willi waving vines and niiiny colored parasitra into a 
soft yellow gray. Toward evening, when the sky glows with violet 
and golden llghls, jirst liefnre the ciiiTitin of night falls, the air is 
filled with the thrilling songs of Idrds as they seek sliclter. and the 
hum of millions of insects, till suddenly, as the last sun's my disap¬ 
pears. all is hushed and still and utter darkness envelops everything. 
There is, indeed, a mysterious beauty and iieansesai to nature, the 
intensity of which can nowhere i»e appreciated as in the Tropics. 
Tliroiigii dark overgrown stretches of the traiLs, where tho instinct of 
the native horses alone must he trusted, and the sky 'is ohKored by 
masses of low-hanging brandim, new wonders appear at every step. 
By little pools and brooks swarm numbers of those gorgeous bluc- 
green hutierHies (xl/orpAo). resting in the cool shade, and the mar¬ 
velous tropical ant^, marcliing, eacli with a bit of Jlower or leaf, in 
ordered file, like s<>liiierso« parade, give tlws appearance at a distancu 
that the ground itself is actitully moving, 'ilie jniigle and marslies 
lire the home of the annadillo, slolli, monkey,* auolis, iguium, and 
snakes: among the latter are many of the pilviper family and also the 
boa constrictor, Tlie coral snake is feared, as is tho fer de huice of 
2!ifurtLiU(|ne, and is a beautiful though rather small snake w’ith nlter- 
nating red niiil black binds. Among the larger game on the 
Isthmus are lUe tigtw- puma, jaguar, cougar, tint'eating bear, ta])ir, 
fox, peccary, hedge hog, wild-cat. and deer. Living on the banks t>f 
the rivers and in the streams of many sections are iiinnmcrahle 
caimans and water fowl, brilliant flnTiiingrts and the valuable egret 
being freciucntly found, f )f the birtls entnmon to the Isthmus tlicre 
are the eagle, toncun, maccaw', parrot, parrukeel. etc. 

foumJ tnnly Si* ibt* iK-iiortmuiit cif t;hirli|i.il In 

t^iuatua 5.44). 
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Pr^nnma is csspc^ially rich hi rfirc- cabinet and d^T’^oods,* which 
with spices^ vanilla^ mediclnul plnnts, nibJjpn fniits, ivory mihg, 
oocoamits, coffee* Iiides, and tortoise shell form the principal articles 
of export. Tlie native trees are mahogany^ cottonwcHxl^ logivoo^L 
laund, lignum^Titus ebon}"^ cork, cedars (the yellow cedar m con- 
siderec] iiiilestriictible), man^^anillo, iwpper* almnnd. and ora%*^p 
The chief meflicirial plants are ipecac, gnaiaeiun. crotoni sars4ipflriIlo+ 
untl ^'tiiaria lirLlai,’* There are iiiany varieties of fruits* thougrh the 
cultivation of them Is still a small industry: chief amotifl^ them are the 
Itauana, lime* plantain, pineapple* alligator-peni\ mango* matiiai* 
giiJiva, gritnada, papuyon grauudillo* melon., poinarosa, sapotc, and 
bread fruit. 

The juitieral wealth of the Isthmiis hns been Justly famed from 
the ctirliesl: dayss though ilic statement in a rei^ent coiisnhir report* 
Panama pos-smle dlmmen.so rtehesses niineniles,"* h probably 
rather overstated- However, the gold wlndi the ConquistjMilores 
found even'where in estensive use by the Indians for oniameni and 
even [irticlesof utility, pixiivos tluit tberc is a good proportion of this 
vuliiable metal in the sniall area of the IsthmUK. The iiiiiies already 
known are prolsably not yet eshaustech as their eitploitation has lieen 
very spastnodic* and cuie niuy coiichide also that in o country so little 
expli>re<l there are other and poisibly richer tidnes than those already 
dist^oveted. In fact, sine* the eiglitecnth century the gold miti^ 
have not been in operation to any extent, the Cana mine 

(called '"Potosi” by Bancroft) in the S^lnto-EsiJi^itu Sruiintiiins of 
I>aricn,'^ H’bich is now* Uung workctl by an English coinpniiy at a 
giKKl pripfit. The expense incident to the operation of these mines 
and the luck of reliatde labor have brought many attempts to ulti- 
inulc fEiiliire, except in the case of the Cana mine* iili*eady mentioned* 
and the new enterprises just starting in western Panama. The gold 
of the Tfithmiis is of an unusually fine quality with a tiatural alloy 
itf copper. Besides gold and i'op|x>r* some .silver, ironj coal, salt, 
tEianganese, cinnabar, and oil oomprii^ the minci'ui resouree-St The 
famous pearl bc<ls of llie ''Arcliipielago des lius Perlas'^ no longer 
produce any quantity of marketable pearls, though the industry is 
not entirely dead* and the trmle in mother-of-ju'arl Is extensive, 
iluch tortoise shell w expnrted; from the port of Colon to that of 

Till" 4 ijev^fHN.In ami plnntB are “ rU^CB a^J^ntJial^iiaunu w4‘Ln!i>4.mnSn jiijibra, 
ilmciOi njaiiUeii runa, ruulllo tabervaa, oiorcB nljsni, Dersea swalls- 
Blma^ blta orreUaao, Iniit^f^rQ iiiiU tlK' aiuineci'a, wtiicb rcwlncEif a 

ticaiitlfuS rvi\ wllhqut prep^mtlna ( 4 >. 

niJae vfan very priHludfv^ hiit wbh ftvr miiny yanra hj 

deer^t' In Iftlst, lUTEne to nilds uf TmlTaTm nad buei-uii^^rK [ih out- 

imr wan TfiO.noO enatellumwi n yflor tG). Tlie Eold Kk brotiptit on lititJvljfttrk to 
nail tiieuce taken In ajit/m to Taiumuu 
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New York ulorie, J42 worth of shell was ^nt during tins first yeatr 
uf the Kepublic (2ij)* 

A brief gi.'iicml hiKloricail review of the Panama iRthiniis 13 neces¬ 
sary before taking qp ihe description of the seven departments in 
detuiK as eaeh niiist l>e treatetl separately, owing to the fact that the 
dilFerenl raecs^ dated of colonLzation, etc.* inakc it impiTRsible to treat 
tlir subject liDiiiogeneously- 

Tlie Allantir coast of tlie Isthmus wa^s first dif^vored by Rodrigo 
de Hasliiles am:) Alonxo de Ojedo about 1501 (8omn historian-^ give 
tlie date as early as 140^1), but no attempt at lanfling was Tinide till 
Colninbqs on his last vojage founded a siiibH colony on tlie Rrlen 
Kiver^ wliich was sncju debit royefK however* by the war-1 ike chief, 
Qniban* Cfdnuibqs tlnqi down the coast* discovering the harlwr 

of I\irto Belli} and Ltie ^Iiiiatas Arehi[ieIjigD, which he called Islos 
Berhaw,-" Ojedo was given a grant of land including tlie fertile 
vnlley of the Atm to and lower coast of Darien; hh friend Xicnesa 
likewise obtained a grant which extended eastward along tlic cotist to 
Cape Gracias a Dios. Two settlements were made. Sail Seha-stian dc 
UraM and Santa Mnriii del Antigua* The former {not strictly in 
wdiat is Panama to-day) was abandoned as early ns 1514 ( C p. SI). 
St. IIarywas governed! by Encesto and Balboa, and from here the 
Salter. wiUi Alony.o Martin* about 1513, cn^^st^^d tlie IsthiiiniH aii<l 
disf-nvered the Pacific Ocean from the peak of Mount Perri, ns Segoiid 
has ib near the Cann mine. At this tinie^ also, ihc Gulf of Ssm 
Mignel, the Chepo and Pearl islands were discovered. 

After BallioiL had .seen the beautiful [>eurl eucruKted raiioe lieloog- 
ing tn die Indian cUieft Tumacoj he was detennined to lind the 
islands^, and was aided in hb quest by this friendly chief hinii^df. 
Before the colony of Santa Maria removed to the site of Old Panntiia, 
various parlifi^^ hml explored as far as Veraguas, and a settlemetit 
W- 51 S made at Snta by Espinos* as early as 1517 (5)* or* according to 
the statement in OdLiiubia " (7* 30(S), by Alonzo Peresc de la 

Itiiii. in 1.515. Either of these figures make this setiLement nnttKlnte 
Old Panama. fonn(Je<l in 1511), which is generally but erroneously 
<'onaidere<l to be the first colony on the Pacific side of the rstbmii^ 
The fUory of Old Panama, the wealth and splendor of the inhabitants 
leading to its destruction by Morgan, the buccaneer, in 1571. in. known 
by all Old Panama'H chief claim to interest is perhiips tbut it w-as 
here where BaIImva was Ivehended by Pedro Arias villa, at that 
time the governor, and that here aUo PijjiiTo fitted out his flet^t for 
the conquefft of Peru nt the sjierifice of i?,000 poor Indians mine- 
riistonied to sncli labor* w!io had been pressed into service. Old 
Panama wiils tile seat of a bishopric and had a mint as early as 1535, 
and was in every resjjeel n powerful mid opulent city for that day, 
A need wati felt by the colonibf^ for cities on the north coast 
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which woul{J lie storehout^es^ so to s[>aiik; for the lr^h=uri! m\ its way 
Ui Spniii ^x^in^^ takco on bi>ftr(| llte ships. This in the 

foiindin^r of Porto Ikllo unrJ Norntm^ t]e Dios onsl the ImlhJiag of the 
J’aved Koiid and the Itoynl Uoad to Cnieesw Boili citie^ii, liowovern, 
wurts soon dcstroyetl by tlie buctiuncers. 

•Spitin^a power in this part id the Xew IVorid wijh of abort diiratioin 
for. after n ^lorioits few ycarH of ‘ivealtl^ oikI liixiiryt her chics were 
flespolletl and left neglectiifh iSpaiiisti jiriJe am I Inst of g^old paved 
the way for tlio work of (he pirates jn^t as>»paniah cniellj to the Iti- 
diana reaped its own rewnril. 1570 the natives Inid rebelled 

and ne^jfro sluves from the fininea coast were ii]ijx>rted to take their 
pJaces, proving in many ways ilisastrous to the country, for they 
st>nn liecatnu the predominaril factor, outmiiulx^ring the descendaiits 
of the Riim[>ean5, llnU tlie original eolonislH were a wonderful 
people in variruis respects can not be doubted, and lliey certainly 
seem Ui have possessed great physical en dura nee and vigor. It i^ 
truly oiarvelons that, without the aid of modern s<!ienm they i^mU\ 
Ini VP withstood suceestiftilly tlio dangers of the tropical jiingle ntitl 
to haw so early aiibdued many hostile tribes of the tilM>rjgines= who 
ref^inteil the inta^ions of (heir land, and. above all, that they c^aild 
luive built such U^iUifuE and well fortified cities within n short cen¬ 
tury and a half under such dilTicultiefv 

After the period of piratiRil raids tJie Isthmus fell into n stale of 
decay for tnore than a century, ant] has jiraclically no reconled lib- 
(f>ry_ In ITIO it was divided into the departments of pLinama and 
\cruguits, forming a part of Xp^v (Iranada. At one time the Istlimiia 
was plawl under the t.aptain-gencral of Cuba as a piinishmetit for 
^ime unruly act. pEimuiia ttMjk smidl part in the war id iiulejiend- 
ence and was the htsi provlnco to be free of Spanish rnle. The 
relation of llib province To X'ew Granada and later tt» Colombia 
waa ahvays n pccidiar one. She submitted apparently at times to 
the authority of Bogota in military iiiatters only, hut retained con^ 
troi in the main, though not always, of her interna] administniliou, 
monetary affaii^s, customs, revennes, atamp?^ etc. Iiulmh nt one 
[MTimi she positively refiist^l the paper money issited by Colombia, 
though a heavy piuiaUy was imposed on those who declined to receive 
ii. The Isthinus wuis undoubtedly much neglected b}* the central 
government until the canal seheme^^ began to develop, when her 
IMiterdial impeirtance was renliKed* Overtasatinu kept the ronntry 
pitiful]3' poor, and nuiuprous attempts to free itfeelf from Ccdonibiu 
were I he result, tlumgh independence wuis not finallv accomplished 
until im 

OEVAaTllIENT OF FANAAIA. 

Of the seven divisions of the Republic the largest nitd in some 
respects the most interesting is that of Panama, including the famous 
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li^hmiis rtf DaripiL’’ On ihv^ i:nftst tlw confines nre the Rio 

Mipl (forming tho tiOunflHry of Colombin. thongii Panama still 
rluims the I'anehi River some distimce to the iwmtliejist) ancl the Mu- 
Intus Art>lii|jeIago* 1 lerc it joins the depart meiit of Colon, which with 
Panama almoftt en^nly divides (he IsUiiiius lengthwiiio till it reiiclies 
its western Unut al Cik^le. The entire simthem Pacific coast is in- 
eliidrd ill l^anaina from Ccxde tn C'kilrtinhhi, This departinenl eon- 
taiits the largest city (l^anamii Cityh with towii^ like Chtsrrcniy a 
fanall resort in the Jiill.H, am! dm me, l>rtih in the western section. 
From the !hiy of Pnonma L) llmt of Sail Miguel the (Munntry is iiiiin- 
babitciL except Mie vailey of the t!hepo^ or Bayano** The Chepo is 
navigable as far as the hamlet of Lft t'apitana, near the point wJiere 
the MEtmoni flows into the mnin stream. On this tributary in the 
town of Chepo ([xipulation in according to Vakils, which 
must, include, however, a Ifirgc surrounding nrea). It is a poor place, 
though until comparatively recently it hud some welkto-do inhab¬ 
it ants,, whu left, it for l^anauia City, with which it is connected by 
IniiL In I5f>5 Che(>rt w'aw erjlouized by Cordovji, governor of Old 
Panama^ though it was knowm as curly as 151^ as an Indian town. 
Hiis sectioij was S 4 > harasFcd by the hnccaiieers, Watling^ Wafer, 
ii^hai’p. Biillmun. Dam pier, (hiziuiiii, Coxon* Haskcrvillc, and others 
that two forts were hiiilt, one on the tributary river* the Terrable^ 
jtnil the otiter, not more than a stockade, near Chepo, in the con¬ 
struction rtf which il is said the Indians actually assisted, as at tlie 
time the marauders were preying ujioii them more than were the 
Spaniai-da iliciiiselves. The Termble River was surveyed by Reel us, 
whrt, tiosvever, failctl to find ins way by means of it. to Uie oosustt as 
w'afr also the ?k^aInoni. a lieautifiil river full of cii^^ndc^ and w^ater- 
fallsj c.tploi-ed by the American surveyors from 1S75-1875. Tlie 
main waters of the Cliepo How in an apprf>siniately southeasterly (or 
wcjstcrly) ilirection* with no huhitatinns along its hanks* except the 
an^all liaudet of Jesus JMark. Its most southeasterly tributary, the 
Canaan, rises in a country al>solittely unknown at the pr^ssent time. 

In fact, the only o(her parts of the interior of Darien thut nrn 
known are the districls along the Tnyra and lower t.*hiirunaque with 
their tributarily, along which smull towns are scattered through 
tluri forgouon cotuitry. over which, in the old daysT the btniCiitu*ers 
parsed by many routes. Tlie alaive-mentionc^c] villages are the 
homes of negro and Indian half-brwlrt who, when tliey work at oil. 
are: rubber hunters or traders in hard w'esKis. They are miserable 
towns mu] contain no peruiaiient while residents, the largest of them 

“Tlie name la Uerlvi'd fruisi ilw chief Clienia^e, eacrjatitert^ by Baibon. 

\A K fanioup fugitive strive, who, naltingr with ^ntbora of his 

kkiil. eemiallti.'d fUrttcSMes on die Svtnolfh fn these partB, aiul wan ktUeil after a 
Labrttloua caoiiJalipi by Pedro de i-rsua In 155C (4), 
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bt^ing V«vUa, Chepigana, ami Molifi«-u. Ht^ide Uio 

( ana niin<,\ thcri^ Ja gold foitnrl jit tJie present time in ihe waters of 
two trihtitarli'^ of the Tuvm, the Balsas, and ilia Marea (IP), and an 
old mine was recently local<^ by an American on a supposed CSo- 
lomliia trail between the sources of the Tiiquesa and the Uciirganti. 
tributaries risiiiff ea-^tward of the amcunaqne. Then- Is no record 
that the upjier Chnennaque lias l»cen explored farther than tins since 
Admiral Selfriilgiva party readied the Siieubti in l87o, going in 
iniin the const at CaJcKloniu Bay. lied us surveyed (1878) the lower 
tdbutarieH of ihe Chucunaque, the Tnpisa, etc.*, and with the other 
rrendi en^ntt-rs, Uyse and .Sosa, ascenderl many of llio navigable 
stn-ams tributary to the Tuynir audi as the Pava and Cue, and 
from where di-soent into the valley of the Alnlto can I* made. 
Miirh work was also done in this section by Lb Channe, l>e Jhiydt, 
and Ileilert. The Atlantic coaiit line of the department of Piimirna 
js the home of sr;attered rndians, who would, undoubtedly, still 
actively resent ony iuva.sions of their territon' us they Jia-i'e always 
done 111 the past. I< roni Careta and Caledonia bays several attempts 
have bei-u made to cross 1 Darien, but the parties never jametrated 
'Cjfy far into liie interior, as the Indians iibsolutely refiisetl to prop' 
erJy guide tliein over trails and passes, though usually making a 
Kiow of friendship to the whlto men when they were in any nunv 
liers, ]>uring tlie early part of the eighteenth century the Scotdi 
atteiuptfd to found a eidony at Port the tragic misfortunes 

of which are quaintiy related by the liev. Krancis Borland (21). As 
early as I7ijl dtsiuit inissiunarics had ptnietrated into die heart of 
mrien only to be massacred by die Indians. Tliis hostility con- 
tinned until li40, when a fieace was made, and priests were again 
sent out; those to the region about the north coast, Ijv order of 
the viceroy. Don Sebastian de Eslava, and those to the sonth coast 
wei-e ^nt from Panama, This resulted in the foiuiding of dw towns 
nlrifady nientiom-d in the 'Inym Valley. In 1784 there was a com- 
Pf ^ross Darien that were well garrisoned, but 

by l«.0 they were abandoned and Darien remains to a great extent 
the undirturla-d domain of the Indian. Bnt one of these forts us 
standing, that at \ avusa, which is in u ruined condition. Another 
was formerly o ^ seen at Viejo Beal (a strategic point on an island 
in the Juyra), bnt withm the hisi fifty years or so all trace has 
licfMi liJ^=i in the deiisc prre^wth of vegetutioii cov^rin^ it- In an 
abortive at^mpt was made by EnglLdi engineer. Gisborne, to 
jienetrato Danew who relied much on mfonmtion obtained from 
),«:lor G illcn, which he and later also Admiral Selfridge, however, 
found to be imtrustworthy. & t i 
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DEPARTMENT iW 

Colon lies bet^pen the Depnrlmenta of Prinainn and tliat of Vera- 
^ijis on tlio Atlantic and h hounded on the south by the l>e- 

pzirtnients of Cwle nrid Ptinannn Through iind Panama as welh 
inns the Cana! Zone, Iwlonging peiiminently to the l-nited States. 
Tliese tcFWiiH are loo well known to wumint a description liere. 
The San Bins coost and territory surrounding Maudingn Boy com- 
[iriscd the domain of the San Bias (?^fan^ani11o) and Mandinga 
TndiniiSj their country ending* aipproxiumtely, where the Bio Mau- 
dhigu rises. Back from low-lying coast hills, in the higher eierm^^ 
the 1 ‘egion is HUppcK^ed to he iininluihited as far as the source of the 
Chagres except for wandering tribes towarii the soutlu The n^ute 
from the cr^iast to the northern tributary of the ChagreSj the Kio 
IVqueiii, has been traversed by America as and no Indian villages 
were encountered* 

Following the coast norlliwcstwan.1 is seen the town of Palenque, 
settled by fugitive slaves many years ago* who lived in underground 
caves aiaJ pas;^ges and who^e de^^cendants to-day are held to lie 
quite diderent from tJic usual Isthmian negro. They are extremely 
indtistrioiiSj strong^ and gtxKl woodsmen. Kot fur from here, on a 
stiuill stream of the same name, wms Nombre de Dios, of which no 
trace remains^ and near it, on a beaiiliful but landlocked and un- 
Jiealthy harbor^ stands the ruins of Porto Bello, slicked by DrakcT 
Vernon, Spring, and Morgan, The ruins of tlie two forts still 
exii-tj St. Felix on one side of the harbor, and Sts. J^roiiinio y 
{?hristobal on the and fragments of the large government 

hoiKso “ Santiago di? la gloribk,'' wtill remain h Porto Bello now ha-ii 
a Final I colored popidation, and is considered one. of the most un¬ 
healthy plIlL 1 ^=i on tin* I^ihnms. In the upper Chflgres \''ailey ara 
two little settle 113enta^ St. Tkrhanj and San .Tuan, iiut the surrouinU 
itig cnuntiy is little knowtu and the wtiutres of several of the rivers 
tributary to the main river are still to Ije surveyed a.s liearing on the 
cannhdam prohleiti* A adioH distam^ up the coast, from the city 
of Colon is tlie mouth of tlie Chagres^ just beyond the zone border^ 
where there is ft tiny native xdllnge above which stands the fine old 
castle of San Loronao, famous in the history of the Now World. 
It was built by Juan Antonelli^ ati engineer of Filip IT, and was 
considered oue of Spain's greatest strongholds. Tn fact^ it did for 
Konuj time defy thu furious attacks of many buceanecrii^ but was 
almost destTOVeii lit the time of its surrender to ]'irorgari’’a forces. 
Tina account of its capture a^ told by iho Dutchman, Esquemaling^ 
one of Morgun^s men^ is very interesting. Tn 1745 the already 
mined fortifications were completely laid low hy the English under 
Admiral Vernon, but it was rebuilt in 17.^2 by Ignacio do Saia (5) 
AH 1000 - iO 
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iind iioWj, ojico a^iiii stands a dpsolate^ moss-fpi'fttx] cniiulilinjr rtiiiij 
11 reminder only of the glory Llml wns once Spain'i^. 

The rivt^rs, Cocle^ Los liidins^ and Belen;, flowing into the AtliKnlio 
in the western part of Colon^ hare been known for centuries tn wash 
down gold. Their scmrceii in the high sierras are practically hip 
known* The old mine of Son Antcinioy on Uie Code, at one time had 
all output of ixhimt $40,000 a year^ tlioiigh it has been closed for a long 
period* ’With modern mining machinery, ibis, as otlier mines on the 
Isthmustcould undoubtedly be made to yield a mneh hirgcr #mm. On 
the banks of the C'ocle, alsOj an attempt has Iwen recently made by a 
Belgian company to raise baDonas on a large scale, and, though not 
fiiliy e^^ploit^ as yet, it is expected to make returns eventually* 
A great liifEieuUy is encountered iti the fact that the river is not easy 
to navigate, though other conditions, such as 5 oil* etc., are extremely 
favorable to such enterprlws?, 

THE l>ElV\RT.irEXT Or COClJL 

In point of antiquity the Departinent of Code hii.^ a forenio^ 
place, for here on the liio Cliico Mm the second settlement on the 
Isthmus proper. The original town of Sntu was destroyed in 
by the Indians* who were especially warlike in this region, and was 
rehnilt in 15^1, when it wim christened Santiago de ks Caballeros 
de Kata.-" The city uLtaiucri much Wi?altli and splendor in the colo¬ 
nial period. The church, still in exLsteiice, in gocnl conclition and 
of excellent ardiitecture, having a fine tovivr, in which are spiral 
steps* cut in the stone. To-day Xata m a small place with a poor 
population ntid practically no trade, quite different from the little 
tx}W'ii of Agnadulce, it.s neighbor, which is near the Estrella mine* 
This section is u good stixk-raising cotintry, ami n quantity of hides 
aiT exported by way of Agiuidulce to the coast. Near this plai-^e is 
the hacienda of Paitama^s lost revolntinnary spirit, Gen. Estaban 
lliiGrlaji, who rctirtHi here to take up stock raising* nnd who received 
also a generouB jjension from the last ndministration. 

The tnosl important place in this de|MiHraeut is Penoiiome, ’with a 
population of (It?)* making it the largsfst city on the L^tiiinua 

outside of Colon nnd Panama. Penonmue has two churchcH, schooL% 
bamnJes, piiblio buildings* and enjoya a large trade, es^j^eciollv in 
grain, rubber, coffee, and straw' bnts^ 

IjOH SANTtMS. 

Lor the department south of Cock and east of Yerpguas, 

iKirdera Parita Bay and is a fertile agricultural oonntry, with tigmai 
climate. Tlie principal towns are hm Santos, Pise, l4is Mkas, 
I^s Tablas, and Parita. A good deal of salt is exported from the 
mines of the province, and gold is also found in the wcatem secLmn- 
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DEPAimtENT OF \T:HACUA9. 

Vcniguiis, lying between Chiriqu) on the west and Colon, Code, and 
Iav. Santos on the east, sti'etclies from sea to sen. though at present 
it half only a small coast line on the Atlantic, into wlikh flow the 
boundary rivers. Hie Helen and the Concepcion, and between them the 
Viejo Vcmguaa. \'eraginiif was explonid by Nicnesa and called 
“ Castdla dd Oro.’' An immense amount of gold was taken frfvin 
the mines in the years foUnwing Us discovery at Montijo, El Mineral 
de Veraguas. and Sonu (the last is operatwl at present time), ’^"allies 
says that as early as U70 ilOO.OOO negroes wen? working in the mines 
of VerngmiH. which, at that date, however, includcil those of Chiriqui 
gind neighboring provint«i as welL" 

'i he diief place in Veniguus is Santiago, aoinewUat sniidh-r than 
Peiioiioine, situated on a plain 105 meters above tbe sea, liaving in 
consequence a fine climate. Hero a re preserved many old customs, 
modes of speech, and a strict moral Lwle, such as have not been 
observed dsewdien? on the [sthmus, derived undoubtetDy from itie 
aristocratic Spanish antestors of the inhahitamts who settled in this 
section. ^Hule Santiago is on the main line of travel fi^om Panama 
to David, it remains ii secinded, old-fashioned little city. The chief 
Indus!rics of Vcrugmis arc mining, stock raising, and some cotton 
maiiufadiire. 

DETAftTMENT OF CmKIQn. 

Chiriqiii e.'ctends from Veraguas on the east to the Costa Rican 
border, and is boundwl by tbe Atlantic Ocean and the Deparlmeiit of 
Boens del Toro on the north. Chirk)ui was not created « separate 
department till lEWD. and came into spec in I prominence a number of 
years ago ( iShU J after the discovery of great quantities of gold and 
archeological treasures in the old Indian toml?s or huatxnis. Krom 
one cemetery iiluiie wns taken ¥50,000 worth of gold (35). CThiritjui 
csijorts gold, copper, salt, clmny, ilyes, spices, medicinal herbs:, tu¬ 
ba cco, coJfee, cane, and cocan. Coat is also found in some quantities 
on the island of Muerto, but the chief supply of this mineral is from 
the neiglilmring Department of nocas. David, tlie capital, having a 
little smaller |ioputnttnn also than Pcnonoine, is, iie.xt to Piiuiimn 
itself, the most irniiortant place on the lathmiis—built on the site 
(d ati ancient hfrmitBge which was connected by trail with tSan 
Loren/, 0 , a very early settlement. The climate and location of 

a- Dnns le dlBtrin Je CaRguauf laiicitt} II y dcii nilnei), exT'laUiitkai et 
il'aam'H ‘lUt aonl a T^lat tie gmji't. Ce dlatrlct a une euigcrflele il’cfivlran tOO 
nilllci' cMirfft au aen]. U (wt bernO tKU" 1«* Jlstrirta ilo Santa t'A el de S, Prttn- 
divo, nu and, par el IKo S-m Pnblti, o I’auMt, par Rlcw PJebnia <*1 Ceilnm, cl n 
I’cgst, tHir la rlvlJrre tSaain Matin et le district de la Mesa" (ID). 
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Dav'iii are exaJl&nt, und the city itself presents an atli'active pictine 
with whitewftfihed houses and overhanging red-tiled roofs, surrounded 
by a fertile plain* the high motmtoins in the distance. There are 
many signs of progi'ess in David, and the inliahjtanis would ecirdially 
welcome Americans among them, a few of whom have already settled 
therCi, where conditions of life are found to be not ]it all unpleasant, 
rhe [Hjople of the mirroimding dLstricts are Indian half-breeds, very 
industrious and cleanly, much nbove the avemge ^rtaiidaixl. In 173^ 
this section siilfcred terribly from an invasion of Indians inhabilirig 
the ^tosipiito Gulf district* w'ho eoinpletely overrun it and comniitteJ 
all sorts of depredations. The towns of Clsiriqui ore Dolega* Tteni^ 
dios, (iiialaca (gold mine), BL Felix (copiK'r mine), Bugnba, lluga- 
bita, AlimjCyand Coldom. Near the last-named town, a mere hamlet, 
wns discovered the "^ Piedra Piutal” the inscription on it still re- 
niiiiniDg u inyirtciy, mul ihs consj tiered by Ktniie tht" etipimsed work of 
II rpf.t; comjjletoly lest sight of. The ifiirved gold, copper, and stciTic 
ornaments, tveapons, nml titcniiilH, etc., of tJic Chiritiiil tomlw Juivo 
made their way to Paris and London, many having bwn collected 
by if. Ze'ltner, who ^viis at one time the French consul at Panama, 
and Were sent by him to France. Tiic National ^inseum, IVasliing- 
ton, IX C*, also has many small specimens, hut most nf the jKittery is 
in the llritisli iMuseum. .Many of iho rings And chains in the posaes- 
sion of Panamanians have been copied and make exquisite pieces of 
jewelry, bringing high prices when sold. The portrayal of animals 
forms !i large part of the work, especially were frogs, lijiard.s, nud 
snake.'4 depleted. A very complete description of them is given by 
Unllaert (37). 

UEfABTilENT OF BOCAS PEL 'rOfiO. 

The remaining department of the Republic is that of TJoens tlel 
Toro, with 11 large toivn of the same name on an island off the roast 
above Oiiriqul Lagoon and is a well known port to mcrchuiit vessels, 
Bocas has largely a foreign populatbm its trade Iwing almost en¬ 
tirely in the hands of Americans or Fnropeans. About the vicinity 
arc ranches with small single-truck railroads on whicii the fruit, 
rliiefly bananas, is transported from the interior. This district is 
still only developctl to a oiitall e.xtent, and the whole Chiriqui Ijngoon 
region is destined in the future to become one of the greatest fruit- 
niising center of the Caribbean. Chiriqui f}i^„de, u small place. 
IS wnneet^ by a good trail to IXivid, the eom-inietiou of whkii, 
though only a trail, cost considerable. Tliis is the only rmite which 
crosses the Tsthmns except the Panama Railroad. Tlie shoi'es of the 
IngiMn are low and marshy, but they are, nevertheless, inhabited bv 
Indians and half-hreeda, living in small scattered settlements. Ifnnv 
of them speak a Spanbh that can not be understood by educated 
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Tslhinians til nil. The Pimttnninians will tell YOrt tlmt thifi 
contiiiiia u mixture of Eriglisli, bndly pronouiii^, und spoken with 
a peculiiir iiccent. and that it is probnUy derived from the crews 
of tlie Hritish luerchmitmeti that in the old days frequently sought 
refuge from storms in tlie lagoon. 

EAGEH AND ILACE AllillATCBE. 

The popiilution of the Isthmus is so variously stated that it is 
diftieiih to approximate the figures, ranging as it does from ^MK1,000, 
us given in the Monthly Uiillctin of the American Kepublics (Feb¬ 
ruary, UW), to lOOjOOO. as given by Menihold two years later, a 
disctepiiiicy which is considerable, considering the sum 11 ness of the 
countrj'. These figures exclude, of cmirse, the Americans within 
the Canal Zone, and also the Indiana living in their uatui-ul state. 

Iturial complexities are nowhere more in evidence in so small ati 
urea than on the Panama Isthmus. An accurate clusaifiealiori of 
the iiihabitiilits wouU! I» practiftiUy impossible, as there arc in- 
nmnci'abte “ pcrmiitiitionsin varying degrees among this heteroge¬ 
neous people, who hardly lwoglllis«^ the bars of racial distinction. 

The foiiudation of the population is found iu the aborigines, tho 
Conqiii.'^tadtiics, and in their negro slaves. At the prcwul time the 
pure white hlttni is in nn exceedingly small minority, the vast ma¬ 
jority of Isthmians being colored people with cither Tmlinn or wliite 
blood, or both. The coinbination of Indian and white without any 
negro blow! hi comparatively rarely seen. The distinctious are, how¬ 
ever. as follows! Mestizo, white and Indian; mulatto, white and 
negio; zamho, negtn and Indian. 

If was not untii the lime of the building of tlie railroad and Inter, 
the canal enterprise, that tho flood of .Vsiaties, Euro[X'aas and M'cift 
Indian colored pcoijle, frem the Dutch, French, and English colonial 
possessions came to the Isthmus, many of whom never retuniecl to 
their native luiids and left in their adopted country a numcrou.s and 
nameless pregeiiy. Their children mingling in turn with those of 
various races has resulted in a most conglomerate people.' These 
descendants of foreign laborers arc chiefly confined to the districts 
adjacent to the “ great highway ” and its tcrininnl cities. The Ori¬ 
entals. chiefly Chinese or rlapunese, though there are some nindous, 
at tlie piYscnt time do not mingle with the other races of the fsthtuiur 
to any appreciable extent, though in the towns along the rnilroad 
such a-H Mutflchin * tliere are many evidencCK of » former Lnterbrccd- 

'ValUea (Auierveif ituit la tbe i^iuialsh spoken la rami rmiinianltte^ of tUe 
latbinas eeacnillj, tillonw am umil auvrr elatm’Uere la cKtier Central 

or Soutli AUMTleu- 

* lli!lar=Si)onlsli to kill, and CUlno=Cbli*aJum 
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mg of th^ yellow wU!i the hjnclt »nd the white raee?.. The iivgro of 
Panama proper tlie dests'ndant of the original Afrinm sla^^ and 
m ^ine remote pJacto high ,ip i„ ,he hills an: to lie found a rather 
toihaI’n7o\i^^ cimarronii (a te™ ofjijivalejit 

irtSV*i 1?^'pHmitive fa^liion 
m their palm thatch huLs Hurrciunded by a riot of gor^KMis Howeriiiff 

friS™";^ V"’"“ '''*ri"K « !«■ " .vn«. n.»i» 

w ^’.0 lire caltivuti-d, nml «hom ihe huts arc a 

fli» P’P fratemmiiB with Ihe black babies on 

»» H; i*'"'■*‘*»™p'.v “"•»*■ 

•nt, I “ '™ ""J ™i'> sipportral li.v four biiinloio iialw. 

rj^o huj^hman addom has any need for mpiioy, »s he obtains bv barter 

i It V f n^tnn* dc*^ not 

ilk Irntl'l/ l I ^ Hothes and a TiiacbeU’, iiseii lo cut 

- trail mid huild hiK house mid omployed also as his wetijwn. avo 

the only things he must obtain from the Wllagi-s. The utensils and 
aim‘re iiIT gourds or ealabaslu'st seldom, if ever, is nny pottery 
eiJ * "r**!*^^ homes. If the head nf the family works at all, Jie gath- 
^ a 1 e ni l>or or bnrtiH clmrcoaL oeea?iioiijillv dcw^ctidine ut (ijj^ 

pose of It into the far-off settlement. 

Isthmus in general, even in the larger toums, 

.. marriage ceremony, separating at will and 

<li™ „* llM children. As there is little or „„ |K.reo,i„l proiierly, 

f"!®* thoujsth .sliuiiltl liispiitK urine 

moo. h I'r ^ defrn,l.sl I,,- the ..omen, even 

more Ihiiii hj tile men. for. ns aiiionjr all people lore in the scale nf 

Ke^^tT^nn X, ; 1 ’’T'"" 'in¬ 

herently nn effnit has licen mn.le to I,ring more- of the ii.hnhitanl« 

niKler the na.rr.ap Inrea, reith rather omusing res,.Its in mnnVin- 
^e",Th 7f,’"T ° "^..imUy C^Zh, hat 

l^nlSn-f 

nis these people have tisiiallv no real idea of <T,rkt: .„:* "'‘“"’7 ’ 
fen: disterirei and snperetit ous Wie& Affer ^Ef T T'*' “ 

roysof Ihe French engineers, a a^»re e»ore ^ ""•• 

ek- ‘ *.1 'll. a oifort mndf tn 

hanize the inhidntnnts of the towns in Durieii aa well ai; elsewhere 
for, until tins time, nothing Lafl been done toward ihcir soiritual 
welfare «nw the da>^ of Ihe earlv Jftmits. I,, ilu- las thirtv v ^ 
spusmmbc efforts have heen made to reach the pcf.pte with 
and, cswptiag at Penonome, David, and Sajiuago, Uickj am few 
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churches where scrvlet's uiv helJ atit,side of Pfliiama »nd the towns 
ulon^ lilt' niilrnftd. 

Tlie chief (tiiiiisenient of the Isthniinn is {jauiblinp, coek-fighling, 
and dilut ing* tlie Inttcr assisted by tlie niUBle of tlie tom-tom and liy 
dried beans ndtled in a calnbasli. After fuasls or btiriala, when much 
bad rum and whisky is consumed, the hilarity keeps up all night 
and eaii Ije beard for miles, increased by the incessant howb of the 
cur dogs lying vinder every sliack; Seldom dotja an op[X)rtuQity come 
to the stninger to witness the really chanieteristic danoest as the 
natives do not care to peiiorm before them, though n little money 
w ill stunctinies work wonders. Occasionally, their dancing is really 
remarkably interesting, witen a large amoaiiL of pantoniimc enicra 
into it and they develop tlie story of some primitive action, as, for 
instance, the drewing of Uie water, cutting the wwwl, malring the fire, 
cooking the food, etc., ending in a burst uf song symbolizing Ums joys 
of the now prepared feast. In an estremelv crude fonn, it reminds 
one of the old opera ballets and seems to be w conip<»site of the originel 
Africon and. the aument Spanish, wluch is very probably the case. 

Tlie Orientals of the Isthmus doserva a word in passing. They are 
chiefly Chinese eooliea and form a large part of the sroftU-inerehant 
class. Othere, in the hill districts, cultivate large truck gardens, 
bringing their produre swinging over the shoulders on poles to the 
city markets. Their houses and grounds are very attractive, built 
of reed «r bamboo in the eastern fashion and marked everywhere by 
extreme neatness, contrasting so strikingly with the homes and sur¬ 
roundings of their negro neighbors. Jlatiy cultivate fields of cane or 
rice as well, and amidst the silvery greens, stretching for some dis¬ 
tance, the quaint blue figui'es of the workmen in iheir huge hats iiiake 
a channing picture. I’lirough the ruliber sections Chinese mid<Ue. 
men ” are of late frequently found buying that valuable commodity 
for tbeir fellow countrymen in Pwianm city, wbo are now doing quito 
a large business in rubber. These people live much as in their native 
land,*'seldom learning more than a few wordft of Spanish (except 
those living in the towns), and they forai a very substantial and good 
clement of ibe population. 

TUT, ISDlASa. 

Tbe estimated number of full-blooded aborigines in the Republic 
of Panama is slated from 10,000 ( 5) to double that figure. Some 
years ago Acosta thought there was an even greater number than 
‘?0,000, and, as the race is rapidly dying out, he may not have been 
as far wrong as it would seem—stiU, it ^ douljtfiil if the figure 
would have reached 30,000. These estimates are of little value, 
however, because at the present day no one can really know the 
Quniber of 
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Tlie t(?rritury of the Ldiiine lies rhidly in the inoiinUiijei of Hckmis 
del Tom, Vemgaias, ntid Chiriqui, imd on the Cftribbean cofl^t of 
Darioo extending into the intericH-; nlong ih^ Ihicific mimt fxoju 
the GiUf of San Miguel to Colombia, oiid on eertain branchfci of tiie 
Chacuunque iiiid Tuyra* Very little alioid the IiiLiisn^j has been 
recorded sint^ the accotinfe of tho early eoloniats given by the old 
historians, Herarai* Atidugoyau Goninnij Las Casas, Oviedo* Peter 
Martyr^ etc,, wlin confused the nances greatly, nnd who usually spoke 
of 0 tribe by the name of its ehiefj which fre<]uefitlj^ liap[>eiied to l>e 
tiiat of the [urges! wottlement of the vidnity as wed. Much in- 
forinutioii has t>cen obtuined fn>jn the buccuntjcrsi cliief mnimg tiiein 
WafcTj whose book^^ wHh the ahuve-mejitioiiLH;] historjaiiSs forms tlie 
beisis of the material given by Bauemft mjJ uther iintliorities. In 
the middle of the nineleenlh century an interest was awakened in 
Colombia by men like Acosta, who gives* from persona3 obsen^atioiTt 
some data of tiie Darien fndiuns, tbougb hU chief iMtrk wob on the 
Chihehas of the plains of Bogota and Tiinja^. Acosta albrms that 
the most valuable knowledge concerning the Indian^i ia hidden away 
in the libraries of Sevilln and in the Academia do liistoria de MiiJ- 
rid* whith^ of iiecessiiy* though, ijiust treat chicHy of the nalives aa 
the Spaniards first found them. \Mien Acfista visited the const of 
Darieti he found no renin in ing words preserved from the time xif 
the conquest except ihc proper noun ^'Careta.^' Another C^lom- 
biarn Resti'tpo. some yj;4irs later was sent on mi exjteditiou into 
Darien nnd made some veri^ interesting notes on tlie cnatojos of the 
JndiaruH. It ia to Jf, Pinart* howeveri u Freneliinan and irained 
student, that nic^t of the valuahlc contidbiitions to the subject are 
due,i as he tra\clccl csteiUsively through the countrv alauit the veiir 
laso, collecting data* and the result of this ivork is the foiindution 
of practically all tlie recent kiiowlcd^ wc have of the iilH^riglnes* 
thougli tlie French and AmeriL-an engineers have ndiJed much alwj 
by way of stray notes, etc., to the store of information* The prefnt^ 
of Pinart's *'Col]oceion dc Lingaistita y Etlmografia Americaniis,-’ 
written in 1882. is interesting as showing his reasons for taking up 
the woiL 

Considering the Indians in the wi^stern half of the fisthiiins^ we find 
two distinct stocks* the Doracho-Cbangiiiiia and the (iuaymiesf* The 
former^ now almost extiniH* puiie bloods* spread over parts of 
Chiriqui and Ik^cas* inhabiting chiefly the CordiUeni which cro^^ 
the Costa Rican liorder and the valleys of the Rio I'ilorio and the 
Changiiina-Aula. t'o them is attributed the mega lit hie monument 
at Mesa (35). They were noted pottore and their elnliorutely painted 
vessels indicate some firtistic nhility* The Doraehos were held to 
be bold warriors and were usually nt war with their ncighbtirs. Thev 
were descrilKd as being much lighter in color than the other tribc^ 
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Little of tlieir ra-igin is knowii, but Brinton (35) ami others sug- 
gi'st they are |>rulmh]y descended from the Mayas of Vucatau. Ac¬ 
cording to riimrt, who made a collection of their idioms, the Doniehos 
did not believe in u Gwi thst abotle in the sJiies, as the Giiaymiea 
have ill ways done, but Iwlieved tliat tlii' “great spirit ” lived in the 
Vulcan de Chhhjui, and when they were angered at the god they 
would nveiige themselves by siiooting their arrows toward the crater 
as a sign of their diaplcHaure. They Hjonstmeted tombs of “flat 
stones laid togetlier with much care in which iJiey placed costly jars 
and urtia tille<l w ith fooi] and wine.*’ This was d<me for their great 
tiietu imd for the lesser ones they dug trenches filled in with storicB 
and in wliidi gourds of iiiaiKc or wine were siiticttitTited for llie 
pottery' (2-L v. 4), The Dorachos were breve, honest, and intellU 
gent and, in coiniuon with all isthniinii tiilxw, fearless of death. 
From t(.t74—1G61 war W'as made on these indiana by tlie governor 
of Costa Rica as they had descendeiL roblwd, nmi killed travelers on 
the road then niiicb frequented from Pa mini a to Guatemala. The 
Indiiiiis who survived the years uf exteniiinative w-ar were gathei'Cfl 
into the inissious of nugahii. HfM|Ueron. San Francisco de Dolega, 
and Guahicc. 

TiVe now come to the Guaymii-s, who still inhabit the mountains of 
the Serraiiia dc Tabusnna rerigc with tbeir interlying valleys and the 
plaiiLs of the Atlantic coosl. These Imlinns Ih'e practically in n 
savage state, occasionaliy deacending into the towns of Veragiias and 
Chiriqiii. am] are repcciully seen nlmiit [lemedios. With the Tala- 
maijcaiis of Costa Rica, of whom Gabb {M) has written so mter- 
esliiigly, the Gijaymies are thought to lie a remote branch of the 
t'hiLclms nation by IkUIi Doniker and Hrinlon." Many Chibclias 
wot'd.s are found in tlieir tlliUetrt and esiieeiallv is th’dr iiHinity 
shown by Uieii burial customs, dicii metal work, and the lack of 
anything like i>eriiiutient lemjdr>s or homes among them. To the 
ancciilorH of the Guaymies [or Guiiimies) are atlrilmted the treasures 
of the Cliiriqiii and Veregiias tombs, which licar a dose rescmbhinee 
to the art of the tiiuln stock of the Cliikhas. Pinarl has given ilie 
ntiinber uf tlie (hiayiuics as a.nOti. hut t'aldihi puts It at “ no less than 
0,000,“ (5) though in his ilescriptiuJi of their customs (to U' given 
here later) Valdes evident I v draws niiicli frem t^inarlH infurmation 
judged by llie fact tlmt in IK-niker jiraciically the same nnitenal is 
given in jniit. mid there is accredited to Pinait. Reference is here 
made to Pinart’a “ Chiriqui’’ which the writer could not ulitain. 
Pinart says in n nolo in hia “ Vtwabuinrio Castellano-Gtiavniie’’ 

«A number of tribi* lii ihe (rtnte of riiiiiiitLa were eJlbcr Dlially eiiniireiiil nr 
deeply InflucncHt lij niU|wMHff of tbe t'tibbcluin natlcma TLt-se no* llio tiimyuiIi-H 
lu VunimiuB; wlm rwsMwwei] tbo Mil fnuu ureaii to (asMU. niifJ tbo Talnuuiiieaiei 
of Owls Ulen (S5), 
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that at the time of tJie cotiquest the Gimymies were the mo^t im- 
portsint mil inn nf the latlmius, and dehne^ the temtorit^ of iheir 
principal trilK5^ which are tlie Mnve-Valietite, Miirir^-Bukiictsi, and 
the Muni* The Valientes are to-day die* chief trUie of alL Uiou^ti 
the Muoi the mother tongue of ail Guajnuc dialects 

A fret' translation of Valdes^ (5) descriptioo of the Guayniies wlio, 
he says, remain, at the present time, coinpletely pare in language and 
customs, is as follows! 

Tbo tSoajTcIPB ]lTe In for mt' uaoat iwirt ta Uie niFtb VqHe Je ^llnintin 

La thsr nonlUJem ile Ycmgaaii, cut off frtint ct^mnsuak'iitfc^a wLtli ttll^ plaJti« Uy 
dlfDirala: of nccosa Tai-jr ImTc reiulaed tLelr IndciH^cileiire, Imvlair 
warilefi tiff InvaalLYae of botk blades nritl wbltca wlio cnii noL pciietnite tlioir 
lunci without Lho Cqror of Ibo iM;iwerfiil cblef. Tboy are cnllod {one if She) 
Vulic£it€» on aocouat of ttii‘ srejit crueltlea wkli wblub Uioy |>uul^li tla3 laart 
Foraiorly. It wait rafo to pee n wLdso body was aot covLTed 

wUU BcarA. Soma famlllei^ ■ ♦ » seem to L*e doficoatloil froai tUoee wtio, 

before the arrival nf Uie SiwmlM rds, cnrveil »yuiboilc IMrarcs ou the n¥;ba ijf 
ihfV mnuDUilaBaDit [ilnced rthM ornnmeatK In their araresv In fomnw tlniea they 
were without doubt mofo olTiliVfth but muidum proi!Tt-«ft luia ib^troyiid ihetr 
Indus!r[cK, as they m>w pnarSde tlieciiaellvi^ with ariosi, toolii ntuasnja, cloth, 
etc., from llielr iiolj{htK»n^ which formerly naide theuiisPUcs, 

Valdes fiirUier fsiiys: 

The iMalltlcttl rule of the rriinymlefi Is varied* but they nil obey a jfcnwerftil 
eftelqae who hns otnir^li^ Lite power* The Guayii:il flujiill, musciilQr, hheI 
robuBL wiih fi inrjjc head uud flat feutures, and la aa liulefatlj^aLk* walker a ad 
earrSoF, Ak Is comindn wllb mi OCutnil Axuerlc^zi tribes, the Oiuiyailes havti 
ttio ** totem or animal god. Wben the youths coma to niLolesceiice they submit 
Ebiaaiffilvi?s to rude rests nud gn to tb? forests In eoiaiMauy wrlth their eoluffidL-s, 
far from their jiurenta, for a of novkSale. Old men, ^vlth lioilli'^ jssIhtedH. 

mnsks on ibtdr and eniwati c»f ipives on ibolr hitidm teaeLi ihcia the 

Lradltloas ntiEl of theEr irllie, euai|H>«;ed lii n strange niid sacred diulocL. 

jVfterwaFda, wSien Uie youths baeo endured Fomelcal harfLshltm^atl rliat they 
.eaa wdLhout compbulnlag — they are admitted to the tribe nmJ called ** los 
honibres" lUbetk) and each Is given a dJwUnct name—for llie best time. For 
the girls, nljw, n! this period'* an* buld cercmonlc^iii, and whui nf[er, they are 
either amirli^ nr rather sold. The principal flestii of the tliuiyiuleB^ calletl 
•^balcerla by tbc Spaulsh, usually takes place la suiiiaier. The day la Endlratod 
by knots tlEd in reeds clang the woyNldc cpt sent ta the ilinforcik fnaiilleft 
After a gencrEiL bath, the womuEi employ some houm In p^dnliuR ihia men's 
bodlci^ red ami bine, ndomliig tUelr faces with arabesques and icttmvoKatit 
lijnires diuezIi rf^nnibilng ihoso oa tho old vessels f[Kateryi* and thtm tho meia 
army thentwlvos \n ponie hlslorleal attire, w ccirlng a lain doth of bark and ihe 
lielt of an anliiiaL At n eignal the duacing commences for the guiac of bnlsa^ 
wbliih comdsls In tbc broaklnit np of light w^jod and III aging It at the Eegs, 
knockbig each other down und fjilLlag nmidfit tho heapa of T»ri^ea sticks. It 
Is Held these Imllaiia feel ihe la juries thus Eudicted very little, 

* plnart (in) myvy ''that daring tho time of puberty n glrrs tooth in broken^ 

which iA regarded as of the fact that she La aublle.*' la taiB p^j^t liaart 
elves also u cemplele LlluSfrated dcacrlptlou of iho f’etruglypbes ilana Clathroe 
Ameriealn," etc. 
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Vk'hvu tbe belk^vc^ iLmt eIcuLIi \» pursulti^ a bTi^ ptM^n, iht.^ cnriy 

tfi llte wwKlfl- aimI thutv aIipueIoci tJie tljltiii: mnii wUUout Lt?divt»K him any¬ 
thing Xmi ¥H>me |ihintaUii^ yuJ il i^aUilMitib flf wAtpr. Aftwt ijcath llie tmdy Is 
MrnE^^litcneil oiil iind m a Klital, uml Aftpr yenr the remnloB art* 

iTAtlierfflS up, the tKrtitei clerttfcod< uiailp Into a btiiiiileH and placed in the faxully 
burjlnis plnct^ 

We now comp to the Indians in the pnstem part of Panama, be¬ 
tween whom and those just described ifiere is little in common, 
though they hjive livixl for t'cntnries within a few hundred miles of 
cadi other* Speaking genurully, the Indian:^ of the ^si^etion iulmbiting 
the co^yt ami mountains of Diirieti belong to the great Cnna faintly. 
tiHiiJgli there are evidences of a secontl nati<in It) Iw disciisse<l later. 

As early an 15U^ FcriiamleK de Martin suys that ^ all along the 
(Atlantic) coast a man was called Mirna^ by the Indlnn^^ and n 
woman ^ira.* which are words in tlie Cana language.^' Vahlcs holds 
that nil the Darien Indians of the coast are Cnnas, though he ob- 
starves that as no one to-day knows the Cuna dialect it is diiTicuIt to 
stale It piiaitirely. Tlie comparison of speech (presupposing a 
thorough knowledge of various dialects) is, of coursc^r the only 
means by which proof can be estaldislied. It is a well known fact 
tlmt the Cuna family is of Carib origan,® but tlie word “Carib.^ 
however^ ns used by the i^oluuists in ^laeakilig of the alxiragiiies that 
they enconntercii, was ecpiivalent only lo the word ^ Indian ” ibiclf 
and was applied to natives all along ihe entire cosuit of the Card>- 
bean. The in Chihehas mytholc^^ w'pre ^ip|ioeetl lo he 

destjended from tigenf. yet there can Ix^ no doubt that the natives 
of Darien w^ert^, ns u rLile. peaceable, kindly disposeth and rntlier 
indolent ut the time of the conijiiest and until slirreil by rejs'iitnient 
of the unfair trc^iitment they recei ved at the Imiidij of the Spaniards, 
Rorlaiid jsays* in his quaiiit fai^hicin. concerning them: In general,, 
they seem to lie a prctly modest sort of people* considering them as 
wild pngaiLs.’^ A great mark of distinction among the Cunas is 
their comparative lack of arts and indtistrics, in contrast to their 
neighbors, and in their manner of disfx^iiug of their dead. Of the 
ninny triljcs of the Darien Indians mentioned by writers since the 
discfi^vcry of the imiiUry, some must Jmve been merely fuibtriljcSj 
taking their names from their particular loculitics; though it is true 
the cQulitied iirc>^a of the Mluiius is rcniarkablc for its number of 

raund Tndlalu< nXm^i lire pcttlenient or ttao HetmallLUi dt* UmLa wLo 
were il*e W'nrllice, ati^U-entlDp Cnrlbs {!). 

naneoift (-4) ob^rved ‘' it In si Id iLflt tlie Csrlbs ate Lnmaa Uesb when¬ 
ever iJioy had an €HJiM>rtiinlly. "Ilcrera say a that scuut? uf the lethiuiaiut pur- 
slavi-s wUoEu they wld tu tLi- ('arlbs for toedp'^ 

K«stre|Hi (2) Mays that Tlr. Arhst tiles litiJtM defends the C^nrlbn anEl affirniH 
thaE they did mt eftt tiuiaaa Sesh, thotlEh C^luiuhiisi, Ovletln^ Hemia thuu^t 
the ajutrari'. 




.62G AN>"UAL atimiiT StjAlltEMSC»'TAN 


IKSTITUTIOX, im. 


tril>^* ami iii iHamparjiig made by yartous authorities 

a groat deal of discrepancj apiwar^, ns already mentioned. The fol¬ 
lowing is II list of the itnj^rtaiit trilies of Oarieni, iiiost cif whooa 
are belleicd to exisrt, as a whole or iji ptirt^ at the present linTe* and 
those marked (*) are held to lite jion-Cium from data referred to 
later."* 

The tril>es are: 

Old nain- 'I’uinnnanifl f?). lalwbSt mountains lyJnp In Inlerlor 
Atlantic eoHHt. Held to he Tcry wbrllhe and n^iich fe4ired Iiiy eoitflt ErlliCH. 

^TictibU: tJTluj; on river of itainio untUBt i-tajiramlLvolj few In nuiuhcn ntnint 
IkOW, and ^vere found lu he timid w-lien \imv6 hy Admiral fi^dfrJili^e Ln l^O, 
never Jjjivln^f seen white 

,Vu rffypiwciij liihiildtlii^ n-gion betw et'u Nava^mli Psdnt a ml tbo hfah iinmn- 
tafos, Conniiferc^ warllbe^ fomsprly. Prtihahly ahi^rbeJ by the f^iHihinll. 

TleTd to la? goW'elimJI>\ hut treachomni^ Their clilef la TOUPldefikl 
by Hoaie writers fo he ihe head one of all eoesi tribes — otbets, \luii ralnae 
of San HJaa^ on liio Ulabio, 1$ chief of all. fjte nhaiit CViJi^ionlji Hoy. 

AHQrhunaw: No rih-dwisrt IhdIfliLW, thouKlit to htiTO J>L*en tafKidy uT^sm^fIkhI bv 
other tribfi?s. 

ruiinen; InhntiUlufr lower cotud or west shore of Oulf of l^airSeti. Held by 
Ar^ostd (i» iKt Of^ruiliily Cana from w'oribi ho colleclod among lliem. (Not In 
rnnahjji iiro^ker.) Xo traeo of nny vtllnecs seen by naval oLUevrs la those 
water?! in lOClCM. 

tfm rjr Snn Jlloi: 03d name Comogres. $emlelv||lra><1. 

MantUytm llc^^loti of Alaiidinga Bay, pmtmbly ftUhtrllKe of Sim Pins. 

rtya#: On trlbiHary of Tuyra^ mneh reduced lik uumhors sSiice visited by 
H^las ana Jater by ^esln■EH^ Have tkcea hmiiiriit Into eliwi^r routact with 
wbMf^ owing to their iDoilioh on main routu iu Col Limb Eu^ dinl an> mdeli re- 
diieed In ni]iblM?r and dogoneratev Imvliig practictilly lowt their ImlejicbdGaee, 
Very cruel when drunk. 

(*)pp|ptfrciir: WhoKo terrilory tens r>etwee|k the Yatw? and Pyero hear the 
PayaK Kxllnet as a tribe. 

t*> CAfJTfijHaff: X'alley nt Tnyrn nuil lower Cbnnaquc. nlso souLbeekst ebores 
of Gulf of J^ELo MJgULd and Illo Sumbn. Nearly cKtinet. 

Tliiit dll the CutiBs of D«ricn could sptiik tlie Ctujva dialect is held 
1-^^ pro^^tically all autJioritics. Tlio Cihsvas w’ere ii pow'erful tritjc 
Jivin^ron the riiciCc cwist ueiir tJjc site of Old Paiiiuiia. Other triljea 
xnentlotietl but ill dcJiuiHl by vurioua wrilera were the Paeoriii {or 
I fieri). Cliiapes, CJieapi^, PaiinthuH, ChieiiHus, Esicoriiis, Cutnris, 
Chilli aril unts, Irmiaeos, Tgcutis, etc. \’nldis gives the niimber of 
Ciuias as 14,00<l 000.1}, Puiart as 8,000 (181KJ), and Admii^til Sd- 
fridge estimated tlio iiumbcr at uboul T.OOO (1870), The following 
is a dewription of tlic Cuiins taken from Valdes (5) : 

(reneraily s|M;aking, the Ciinas are snuil! tiiid very iiiiiisculiir. 'I'lie 
women are estruinidy ugly and wither at an early age, and those of 

•ftotue old wrllurH held fuio, narlua. fLitMirnsi, un nil mtaiolue Cunan uf 
Dariuu. “Rnivea" |g a t«rw useit ni-ijiijr [iy iHilimkinK <lc«i)niBllap uU iwiua- 
tnin Indlaus of the nectlou. 






PANAMA AND TTS PEOPLE — BEMU, 


627 

some iribes udorn (hemselvKi bv hanging heavy gold ring? tbpoii-di 
their iiosfr;, while those of other Lritie# wear eolla^: of colored lieads, 
p]po bracelets ond nnklebi which oppress smii dislij^ire the arms and 
Ip^gK. They wear only u short skirt leaching to the calf. Miuiv 
of the men, \htldes sars, have not presywod their old picturesque: 
costumes adorned with the headpiGccs of lirilliant birds* plumaU 
Especially is this so among the JSfin «]as Imliaua. The Cnnas wonr 
their hair long, and U is vety' black, course, and abundaut and does 
not liini gray or fall out even in old age. The men hav^ no Iwards. 
All have very fironunent cheek Iwiies and small, sunken, bright evesu 
r ormerly they anointed their bodies with the juice of the ‘^fferripu 
.yuericaiia" which keeps the nesh fi:«=h and cool. For the mlit 
fetes they paint their faces with the ‘‘ bi.va orellnna.*' Their s^'b 
15 strange, re^nnbling a manotonous chant, and each phrase is sp<jken 
with giiat volubility, accent nut ing the last word and piiiictuntinu- the 
phrases with pnusea that the interlocutoni take advantage of to 
press their assent or coniprehenaion. (ieneial terms, moral or iiln 
Ftrnct sentiments can not be esprej^^-d. The Cunng measure time 
by the moon and c^mnt by tens, referring to the niimher of figures. 
Their villager are cullwtions of scatterv'd houses spread over gr«it 
distances, and each has its '4nii” (cacique) and its -piaces** or 
who i.^ the medicine man, prifct. and magician, the thin! 
person of the community being the "cnmotiira;* master of cere¬ 
monies and chief musician; then comes Llie '* iiruniu;' or head warrior 
usually the strangest man of the irilw. Tlie favorite dunce of thJ 
CuTias IS the Guuyacan, in which the men and women form a rinij 
around the camotura. who occupies the center, plnying his iristni- 
ment, a kind of lluto called “ canid," Presently, nil strike the graund 
twice with tiieir feet, take two steps fonvard, breaking the circle* 
then the couples unite, turning nrmind and around together rapidlv 
to the rhythm of the music. The women give birth tn their lubL in 
isolnteil iiiits under the care of an old woman, who. nfior bathing the 
mother and cldld in tlie river, conducts them to the lele, to he purified 
with clouds of tobacco smoke and to drive off bad fortune. A.s with 
the Guaimies, the age of puberty for a girl is ttie ucension of u fiesta ■ 
then, lifter the ye.ar following she can marry the man of her choice’ 
M’nfcr (-20) says that it ivas the custom for all the ncigldwrs and 
friends to make n clearing, build a house, and plant tlie ground for a 
young wiiple during the timf Iwfore the welding ceremonies were 
completed. A liiisluiml among the Cunas acquires rigfits over all 
the women with whom he liecomes related by marriage. Children 
arc burk'd alive or drowmetl if inegitimaie; also those Iwrn deformed, 
accortling to some writeris. Formerly, if any man was present when 
a woman gave Idrth to a child he was punished by death. At the 
time of death the sign of mourning among some Iribcs is a toucaa’s 
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head plitced over the house, mid if more deaths fxx^iir there the place 
h burjieil to the ground. Anioti^ some trills, alsoj the dead are put 
in iiarnmoeks“ Tvitli jiro^isions for the journey* kept fresh hy the 
friendfi of ihe dead till the cords of the hammock rot. when the spirit 
is held to have rertchetl the other hind. IVlien the Cnnas truveh they 
take no pmvisioiii^Jmt live on the crops of their neighbors^ o perfeetly 
correct pr^iceeditig in their cotle. All more or less take part tn trade 
and at certain limes voyage in small numbers iu Colfin and Panama 
nr to nearer places with colTet\ e<xwa^ fwiianuls, niblier and ivory 
nuts^ getting in retum dottle arms, and im[dements. The etTcct of 
the traffic has Wn to mnilih" their primitive custoroa. (V el Ides refers 
here evidently especially to the Cnnns of San Bias.) 

Other customs, from dltTcmit sources, have been noted regarding 
the Chinas and are imj^ortant to a liotter knowledge of these Indians. 
K<xrt.hfiaying and sorcery playiMj a Iiirge part in their lives, accord¬ 
ing to Wafer* Redus^ and othens* Sometimes for days these i?or- 
rerei'rf would dmi themBelve.s up in n s^mall liut, h]i ricking und 
screaming above the noise of the driims-p often Imitating the cries 
of animals, as when a king beast dif=turbs the ^|uiet of the jungle. 
After they emerged in a half-hypnoti:^i^i condition^, they could, 
with marvelous rerrainty^ predict f tit ore events and the like. Drink¬ 
ing has alwjiys been indulged in to a great extent hy the^ Indians, 
whose niitive beverage is chtcait made by the old women of the tribe^ 
who aiit iilauit in ci cirde chewing yam n if its or cai^ava and expcctcH 
ruling it into a large Iwwl. It is fermented the saliva^ arid set 
away to bo inken through n further process later. In all festivities 
thechica forms ji principal part, biu the mert never nlloiv the women 
to drink- or even in eat, with them. When lidpleuvs from liquor the 
incn ntretch out iti ItiiTiuuockg and are ftinned and sprinkled with 
cold wEiter by their waives- Tobacco is used by the Darien Indians 
in fl p<^iiliar wnj, and extensively so by men and w'oinen alike- The 
leaves are rolkd up in long hollow twists, iiml the lighted end placed 
inside ihe mouth. They usually Esmoke in parties of four or five^ 
sitting alaujt in a and blowing the smoke into each other^s 

faces. An <iath that \.s most binding among the Curias is sworn hy 
the tooth,'* and their custom of saluting each other with Iwicks 
tunned is likewise a reniarkalde one. 

iiAx BLu\& 

riie San Hla.s or Manzanillo Indians, apjiearing o<^casionalIy as 
they do at Colon* alTord tin opiwrtunity to study the Cuna at close 

^ la 1 otihnjwe anfl oMier iKHlEen of fliD ctiflf|nr?i were embaSnieil 

by oEielug ihctn In a miv hrinpUipj Iliiau tip Uy Cfinla nr rlnelnff thein 

on a ■tiifie or low, an*l armunU or ti^low tliv hetOy rliey luade a alnw fire of fine 
herba at auch n dlirtaucc ai^ ta dry ir eraduiiUy. tUl on if ^in and bone n^malued 
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mngn; nnd are the means by which miich of the inforination of ihe 
race iu gt>nenil has been obtained. These queer yellowdtrown people, 
resembliofr the Eskimo, should bcclussed as scmiciviliml, who, though 
returning all their exdusivo prejudices against the white man, have 
had their custonis sotnewhat mwlitied by their occasioriaJ contact with 
civilisation. This is siren chiefly in the dress of the men, which no 
lunger consists of gamienls made from home*growfi cotton*wool and 
dyed lilnc with a vegetable stain, ns the San Bias natives now ^ear. 
litjt, on their voyages at least, of felt hats and cotton cloth of English 
moriufarture. They are wonderful sailorji, mid it is a remarkable 
sight indetnl to see them in the early morning, before the resit of the 
world ifl awake, dashing into the harbor of Odon, tuiinagiog their 
heavily-laden iriinocs or dijguuts* through the Bnrf with marvciouii 
sliill. A few hours after sunrise finds the San Bias men usnnllv 
starting for home many miles down the coast to their little villag^ 
lining the shores of the Gulf of Pan Bins or dotting its coral islands. 
Here they live in cniiro independence and sceliision, fearing only 
the “braves’* of the interior, ivho occasionally descend tijion them, 
A few white men have from time to time saileel down their coasts, 
\^^lile the stranger is received in a friendly way when he fn^i swk::f 
jiertnission of the chief to land, the while man is never allowed to 
remain ashore at night in any of their villages. At the time of the 
building of the railroad, American engineers sailed to San Bias and 
sought peiniission of the cacique to survey his country, but, being met 
with B blank refusal, were compellcfl to return to Cidon, An inborn 
dread of »lrangerH jmssessijs these people, inherited, doubtless, from 
their aneestors, who suffered so cnmlly from the ConqiiUtadores, and, 
while nominally n part of the Republic, they are as independeni, in 
fact, ns on the day their country wns first tliscovercd. The San Bias 
jieopic live largely on sen foo<l and iguanas, cainiau's eggs, ami 
monkeys, when obtainable, though they plant a little cassava, yucca, 
etc. They cicrel in the art of snaring the tortoise, taking the shell 
to the market of Colon. Their fishing nets are made from silk grass 
and mnhoe bark, from which they used to make all their roi»s and 
cords after stripping am! licating it till soft enough to twist. The 
(»inoes are wdid trunks of mahogany or cedar trees, and tiny ones are 
given Ihr little children as soon ns they can walk, which results in 
iiiitking these Indians literally as much at home on the water as on 
the land. At tho approach of a stranger uiuong them the women 
are liidden away immedinte-ly and never seen except w'hen coming 
upon them unawares, and to nctunliy obtain a photograph of anv of 
them ift u rare feat indecKl. The San Bias men .swear an onth over 
their father's LckIj to kill their w'omen should their land be taken 


“The tmtlve word la “ula'* 
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by the wJiite rnuri+ Tin? women iiJoiiy ot the present day paint 
tli^ir fjid^Sr niid they olways blocken thoir teeth on ninrried. 

All the woincii+ more or wear imse ring^ ftiul their ^^ar- 
ineiiU consist of a short skirl nml sort of chemise nf colored cotton, 
conifjosed of various layers of appIJquf work neatly seweirl together, 
foniiiiig ven' curious designs. {See illusimiions.J ^ These garEuents 
seam to lie peculiar to the San Bias women iuul are ideniieul to¬ 
day with the description of them that Wafer gave over tivo hundred 
years ago. (JTotice oonmitionalisctKl figure of a man in the illustnt- 
iioJifc) llic Indians of this coast hare dev^eluped few arts, and make 
no pottery whatever, carved cocoa mi t.s and gotjrda taking ils place* 
They formerly used tordioif of [jaliij wood dipped in tul and heeis- 
was for light and made n\m from the palm a sort of hr aided l> 0 Xj 
wvered with an animars skin, which is pretty. Tlicy imike 
a rough basket of vine roots, ven" strong and serviceable, and 
some are clev^erly sliap^td to fit tlic shoulder for the carrying sif 
burdens, though their chief industry has been the making of their 
harnmocks, many finely woven, from cotton-wooL ITiesc hum¬ 
mocks serve also as their colfins after ileath, aw ith'eaEly stated. 
I hen the bodies are hidden away in some remote and dense palm 
grove. They do not appear to hiive cemeteries. Tlie houses an? 
constructed with skili, built high above (he ground* with over¬ 
hanging, thatch-eovered ro&fw^ serving to keep out rain and damp¬ 
ness eritirclyT anil are well lilted to the climate. The stjp[>ort- 
iug posts of the roof arc large bamhops or fialm trees. Three or four 
are driven into tlie ground at ef|iia! dLstaficcs, according to the ^rize 
that the house jw to Ik?, aiul aeiTPSs these is piac^^d The ridge i>ole. On 
cadi sidi^ a few shorter pof^ts nre sunk. fn>rn whicli the kug raftere 
lire laid; tlieii tiic outside is covered with palm or phintain. The high 
entrance is rcachcrl by means of notches] poles, often large, split Ijam- 
!kk>, and usually drawn up at niglit* The nppearonce of some cif the 
San Bias iillageis ween from the sea is very atiractive, especially those 
huilt oji the islands in ttie midst of bright sand and wavijig ciicoa 
fjFilmsT surrounded by the beautiful blue w'aters of the gidf^ who^jo 
wiiite-crested wttve:^ dash in over the reefs. ThoHj hamlets of tlie 
mainland, showing a tawny yellow against liie green hills, topptnl 
with low-lying clouds, pn?sent also a charming picture. The 
poii^oned arrotv.^’ fonnerly much in use by the^ and all coast In¬ 
dians, it lias been found, was onl}^ one dipped in the juice of the 
*“ MaiiiMinillo del play a,’' whidi, as its name iinplle^^ by the 

sea, and, curiously enough, tui antidote for the sharp inflaiimifltiun ifs 
imnan enu^d was duscovered Eo b>c sea water. Only one iribe nf 
IIle coast did not iiw Imiws iiihI arrow a originally, but wooden sivonJs 
and spears lipped with bone instead* Polygamy is allowed among 
the San Blass Indians, hut not widely practiced, only the caciques 
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main taming morp than one wife, as a rule. There seems to be little 
evitlencc of religion atncing these Inti tans, tliough they appear to 
believe in a God and in a davil. They also possess some Idols, which 
they will part with readily in exchange ftir articles that they desire, 
holding them in scant reverence. How niu^ longer these people wilt 
be allowed to remain in their seclusion it is difficult to conjcctuni, 
and, owing to the almost impassable jungle back of their coutilry it 
would TOiuire an invading army uf considerable sissc to subdue them. 
As H politic5il move, an enterprising spirit at the time of the inaugu- 
mtinn of the late president fitted out some of tiie leading meti of 
the iSnn Hlas triixj in old, but exceedingly gaudy uniforms and look 
them to Panama to attend the ceremonies. Tiicy were much pleased, 
esptsciaily after liberal libations Imd been consumed, and felt keenly 
their importance. 

Ttln SASxtfiOI TKUm. 

In the winter of 1003-4 an American naval officer visited tlie 
distrid. surrounding the licantlfitl Caledonia Bay, whei-e the natives 
only cx’cnsionally meet with a stray trader in his small sloop, and 
who they have nothing more to do witti than nocessarv for pur¬ 
poses of barter. l‘he Sasardls w'cre found to number alxutt 200 or 
300, living in three small villages* on the shores of the hay, pre¬ 
sided over by a chief of great authority it seemed. Tliis cacique 
ordereil the American vessel to leave immediately, and, rinding his 
order was not obeyed, he held an interview with the American 
officer a few days later, in which he said (through an interpreter) 
that the Indians wished to have nothing to do with the white people, 
that this county was their own, not belonging*^ to the Coiombiams 
or tlie Puniirnanians, adding that under no circumstances coidd the 
crew- remniii ashore anywhere in the vicinity at night. Later the 
chief Sunt a letter to t!ie ship which was addre&sed to Queeri Vic¬ 
toria, whom he regardeii as supreme o'l'er nil white people, asking 
that she put a stop to strangers coming in vessels to his eonsts. Tho 
Snsanlis were dressed much in the fashion of the Ban Bins men, 
though they nndouhtedly come much less into contact with ciidli/ed 
people. The women were only seen at a distance, but glimpsi^ 
revealetJ tlie fact, often stated of Cuna women generaIly, that thev 
fire remarkably hideous, fin 1H70 .Vdmiral Bel fridge’s party did not 
meet with a single woman of this tribe when in Calerloniii Bay.) 
The,<5e Indians had burying grounds in the riclnily of their to\vns, 
and the graves were surrounded with bits of broken g]n.SB bottles of 

‘The houses of these Indtins iliffer frtnu th™e of the* !<na Dins peopiTTn 
lint thej- are usoallj’ two stoi-les hlub, the uptwr floor harlai^ no aide wall* 
I'sci'lit In tiVilJiil® o[ic comer, nnil In the remain In? open apacca nre bung nmta 
or rKrtfllnK 

45745*—flW 1000-11 
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lill colors, evidoDtl? held bs great treasure^ and also innumerable 
Fin til I trinkets filled the cemeteries^ There was no evidence that they 
ombHlinud any of their ckyicL The diief insisted that if the ^\jner- 
icatis tried to penetrate into the interior they would encounter li 
savage tritw who would kill Ibem with tfieir poisoned arrows. 

So far, only the China family of Darien has been considered, yet 
thei-e have been many references to other Indians in the southern 
part with whom the Cunas had frequent quarrelis Recins {l^^) 
noticed that the Indians in some sections spoke of themselves as the 
“ Ti ■' and others as the “ Do^' Indians, which is interesting, as Ti 
nieans water in the Ctma dialect^ nnd means the same thing 

in the Choco difllect, according to the vncabuhiries of tlie t’wo lan¬ 
guages compiled by Pin art.'* In one phwa; RcoUia (15) sx>eaks of 
HUtochtones tic la region (Darien) les Indiens Cunas et ChocaH 
* • • refoul^ dans rint^ricur nu i!s hah i tent les halites viilles 

de la Tuyra et dii Chuciinaque.” Rcclus (p^ 210) further says “that 
the "^Ti^ Indians are small and thick set and early become obese; 
the M)o’ on the contrary arc large and w'dl made, keeping the 
purity of tlieir forms tu an advanced nge-^ Pinart in “T^es In¬ 
dians lie IVtat Panama" says, “ there ia certain proof of ^ a 
set-ond nation in Darien, Init in his “ Xntt^ sur les liriiites de civili- 
7M\m tie risUnne Anierican,” he soys llial the Chocos in Diiricii 
were only in scnal] colonies, ladng a bninch of the main Choto stock, 
which extended through Colombiai a nil winch was a very brave 
am! proud race^ Witho^ doubt tlie “Do"' Indians enooimtei^l by 
Kechis* when in the vicinity of the Pa 3 'u tribe, were the remnant of 
ihcH- iieighl)ors. the Paparos* w^ith w hom they were usually at war- 
Tlie original trouble between the Paparos iind the Pay as wiis tau^^d 
by liie former rcwnling the theft of their boys aud girls, whom 
tike Payas sold as slaves to the SpauLsh. Pinarts note on these 
Indians, in his little book entitled “ Vocabulario, Castellano-Doras- 
que,'* k very interesting. 

Brinion (B5) says that the ChiKos'settled about tlw Rio Sambn, 
wliicb Hows into the (Inlf of San Slignel near Point (lamchln^- 
These Chocos were of the Choeaimus tribe, and were mimeroiis till 
a few years ago. On comparing the photographs fibtained of tlio 
Indians in the lower Chucunaque Valley, with the Cimas of *Saii 
Bias, it will readily be seen that the former are larger and ai>- 
pear darker in colur, exhibiting quite a different type altogellier*^ 

■ni^lman MS)* apeaklai: of ibA aiahi atoek wf the Clioecrt, nJvw llie word 
water a» ** I>a Instraia of “ 

»Ii ta otivlftuw from tJuit tbe wcitmra of thla region do not 

m iK’Uig Bwifc by wt3ite men, nml imve a apa really jKiwal" l^for^ tb<> 
ifL wliSclfc la ftriotJn*r logical tan tbat lliore 1^ a fundnni-^tal dlfferen-ctj IMS' 
lWH?en lIiPEn nnd teo Cana«, an they are 4ib the north cofiHt 
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Thtsse Indians cnlled themselves ** Cholos,” and t think may safely 
bo considered Clux-os. ChoJo is n name applied to half biiectis in 
many Iji tin-American countriw, hut these arc obidously pure-blooded 
Indians, and it can easily be ima^neU tliat Cholo *’ is a csirmpted 
form of Cliom This e.vpianalion is further Itorne out by the follow¬ 
ing^ references from RnjiLnift, whero the terms are used sj-nonymoiisly 
referring to the Indians of the secttoti where the Chocos settlcrl. 
Keferring to “Sectniiirs Voy,*^ Rnncmft (24) says (in nn np|wndiA). 
“ The Cholos extending from the Gulf of $an Miguel to the Ray of 
Clnx;o, and thence with a few interrupt ions to the iMirtheim parts of 
the Repnhiie of Ecuador.*’ Quoting from Ijithani in Jonninl of 
Geographicfil Sttciety. l^mdon, Volume XX, page 18S>. is a statement, 
“ Cliolos inhabiting part of the IstliTiiiis of Diirieii, east of the river 
Chneunaque.*’ 

A very interesting palm-wood stool and n cacique stick, measuring 
nlxnit feet, with a gnittsi4]ue idol siinnoitriting it and underneath 
bands of silver, was oiitnlned in the deserted huLs of these “ Cholos ” 
bv the .Vmerican to whom the writer is indebted for the two photon 
graphs of these Indians, appearing in thi-s article. The ciirlqne 
sticks arc used by the mcilicine men among tlie Darien Indians gen- 
eirilly. its magic effect Ls suppirsed to iimuediately follow when 
touched to the adllcted part. 

ooNcr.rsios. 

Ihuinmn is a land of wonderful possibilities, the borne of an unam¬ 
bitious Iropicid fjcople who hat'e sat for generations at the gate of a 
wurld-traveksl highway, watching the trenil of progre.sa as expres«xl 
in the pabiscr>-by. 'I’lie smttll nicrchant of the towns in the main path 
of tro^Tl has developetl u certain slm'wdiiess, common to hia class 
everywhere, in oveivharging tlie wayfarer for his lempnrarv needs, 
but the rest of the Isthnnis retiiaiiis much ns it has Itecn fnr centuries, 
half-iiwlikened, sparsely eeltletl, and in many parta semisavage or 
actually so. The necessities of life have coitn: too easily, making 
[jrogress very slow, but tlie day miisi. cotne when a nidU^I change 
will Ix! brought almut. Mr. Xicliolas, in a inngaziiie article in the 
lie snow of Me views for March, IWI, siys: ** Panama is not without 
development in the pre.sent or promise for the future, even away from 
tho Kone of great expectations along the canal. • • * Minerals 
arc in giaai evidence, governnieiil hinds to Imj had for tiic taking 
around Chiriqiii, Ijigoou,” etc, But the irnmeiiiate intercM in 
Panama should Us rtnliscovery leading to fields of researc^h for tho 
zoologist, ijiologist, ethnologist, etc,, and it would, indeed, he regret¬ 
table if -Vmericfl, whose future interests in this country will be pre¬ 
dominant, should not 1» first to send her scientists into this interest¬ 
ing and unexplored lerrlton' of Central .Vnicrica. 
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APPKNtllK. 

In c!£ircmolf>gl{!nl tSie folJawing hrlc'f eoucerclng Uio nborfgln^ 

an? i±itnicli?r1 fram the aceouQtiH of Uie princlpnl meu wlio biive umtlo ai- 
pedltlcmn iato JDarlcn (llio tintos of tliaJr pobllsliad wtitk glYon only ): 

Wafer* U5<tS>. 

Wftf^T. wlia Jived two yount bk hnstagf" to tho CVieloue di^flcrlbcB 

tbe Jtidliiufl nmoag wham lie wao ns tmvLng a cettiiltl decree i>f elvlllziitliinr Tliey 
eslmctcd golil from the mine Jn the Eouio Erijdrilii ^TnEiiitninm the vhJefs wore 
long white robes with illadetu^ an their henila und lived In ecmfortiible houses 
mirroiiEided by a rflllt>d-ln nrefiT nttd wlioao twblea wore well Buiiplled wUh 
frailly tJie roffuhiti of the ehnse^ Aiid Hub fmtn the streatnB, Wafer waa well 
treated by the ladlnnit whose terriloty hi tJionght to be In the vlohilty of the 
Bonrce of tbt^ Rio Snbaniia. 

Borlaxh, ITH). 

Rorlnnil wjik b member of the Seoteh colony wbleh attenipteil to .‘^t'ttle on the 
ediori^s of i!nlpfkiaia Bay ai)d to Ktinre In the ft^wirled wealth of rhi=' New World. 
He deserhH^ the Indiana of the vloLuJty an umnlL enent awimtuem, IIvIdr 
always by the rivers or an the a«i, and very vledo nl Isody and In the pirejmra- 
tian of their food* which conalsted of dried flpli, jiliilDtiilnp ami eoaaavnt wlfb 
a drink mmle Crrim tilanlalna^ At flrst the IndJans were very timid, tbi^ti In a 
friendly way vhdlcfl the colony, bringing fruits and Hull to tnnle. U was not 
lUI the ^i^iiinrcla adachod the j^ttlemenf. hiciting the natives lo enmity^ that 
tbe colonists lu^d any Berlaus dlfflotllty wlthi^cm. They naed bows nnd arrow's^ 
and lived th hotises without elite wallSp always sleeping In Imiijmocks, with fires 
at night to wnnl off wild bejiats and to keep from feeling the effoets of the 
djiuipuesa. The mfo Lubond little, but hunted and DahetL Men ami women 
alike wore gold nose riuj^ 

AcOffTAp IMS. 

Ai^oflta wiys that tbo Quit of Darien Imllaus (and tho^? of L:i flonjlm), 
after MO yeoni have tireservcd niiich of theW Indei^ndciicc, primitive ehiiTiieter 
and laiiipiage+ ete.p as described tiy tbe eftfly lilstorlansL still Luivlng tholF prlcFt+ 
niodleliie men, and picers, and i^lntlng tliclr bodies, ICnglliilj dreloek guns had 
already replaoH) in partp however, the bows and arrows^ which they obtained 
in tmdp far tortolife shell and twmi. During his stay among thorn he collecltd 
their words by which they counted op to eight; live wer^p “ [a>gua,” pnguit^” 

. quimdicca," ""OfivejEe," and "eugiile." 

LSonol f.lEdKtme wnn an englocer sent ont by nn English sycdleate to inveati- 
jgate cnndltloim of Darien. He made an utfenipt to cro^ tbo tsthtnim from 
OBledotila Bny to the Gulf of Sao Mlgtiel, a regEon which be observes find been 
nbaEhlonid mUrely lo Indians nimre tSOO. He spetika of a inr^ peftlement that 
was formerly compi>f«d af Sponlardfl and tndlaiis on the Rio Sahannn <prubjibly 
meaning the well-known one on the Cheiw, ns the tiuirsby soil sumnmdlng the 
greater part of Uie &ivmnnii made It imJikely that n largo muBber of HpouhinlB 
nettled here and nu other writers glv*. niiy recoil of ^ ^ 

Observed that the Bftn Bine and MandJogn ladlanB i.oror aJlow any Ins^ tlon 


PANAMA AND ITS PEOPLE-EBLL. 


635 


of iliclr countEy Jilid dijfKrliiod c!OfliFt tribes au High bono^ abort 

Bct m blRb linuiil H^uldcrs^ tboogb obest not do^; litob^ smnU ai^^J 
well sbapod and ver>' uiuaeular^ wttb poirf^dj formed bniHis nnd foeU Tbelr 
hulr waa luDg and tdiick and mmtlj? eonilMHL WoniGn wore necklRCea of beada 
niid bOfli! rlnfPk NotJeed nlhlbo# atoottg tho BaBardis, OfTenses u^lnsrC cbnetlty 
pimKaliifl soieroly. IndlAua ol tbu bilerSor much losa civilised and te thouebt 
tlio nninboii’ of tbem was lar^ee. Ulabiifbe Btatoa tbat La 1852 tbe townB of 
Yavlsa, Mtik^eca, and Cbepl^tio of i^tmldofablti ilae, but were jieopled, 
ei'Ofi tho4ip by bftlf-brmlsif entirely. He found ll Impniffilble to penetnito any 
j^reut dl^ntict^ over ibo lilo SLibanaa mute wbem tbete wua Lbe veifnta- 

tloa and wbem anliual life aboimded. 

8EJ.fEI0GE^ 1874^ 

Admiral BeLfrldge^ Lull and Coiltn^ also otber AmerlciiD ndvat odlcerk, made 
extiNiKive b~nrveya \n LuiriB qf imrlca and in tbo Cliepo dlatrlcl, Adiniml 
Selfridiie'B n^|»ort cisotalbs many notes on tbe IndlaDS, cbledy ibe 8asardi^ 
Snciibtlp nad Pnya irlbeiL lUs force of oiod. well ariacd« was of nnlTkrient aiico 
in mlnimlEc donKor from the IndtnbB, tlmuj^b the Imprcfislcm prevailed that a 
stnull force would have ciicouMtcred aclivL': bcKfftUUy. 

R&n,uH, 18SS, 

Beclq^ m Freneb enRlnrer, who worked wlrb tbe Frmcli naval offlerr, lieib 
teiiiint Wysc^ fflves eonie nccount of tbe flora and fAumi of IhtrEcq In hlB book^ 
with als* niucb Informtitlott of tbe ladlau trlbeiv eejtwUllly the Paya«> whom 
lie descrll^ itfl bavins a certnln of dvlllaitloii witb mneb cnltlvHtecI 

area, tilled by the worupu- The men were jtrmt hunters, and In the foreHta and 
atreiims^ ahundaul ppinic and flsb. but oven at that date they were drnaketi 
and inibrqvldGDL In many wajs. 


RestixtOp l^OHL 

In ft nmlosoe to R<wtri?pi&'* tn>olt, written liy hla fftther, be matm that hta 
non. wiifl sent into tbe Interior of Dnrlen by ^ Iji FomiMinln Minenp, del Dnrlon/' 
and cuIIb It ft ii<lb and forKviten country^ Restrepo was well received by the 
chiefs he oucouiiteTed, bill did not vlalt the AtJatitlc i:<*aat amift hUuaidf, aji- 
Iflrently* He rclatefi many cuiioim custoiua of the tmtlvear ob^^ essjecinlly, for 
wbkb be coold And no explanailoa; be observed among ibe Payas, wbo gave 
tbi>ir ebiTdrent when in fits of crying ragCp cblca. In wdib'h b sbavTng from the 
iliMtr sill had b«^a iilacecL ttestrepK} snys that the warriors of the Isthmus 
adorn their bonds with Setiitifirdi* and tigers' jiawa, also that they worn yellow 
and black plumed bead pieces, llo stienks uf tbe cruelty of the “Giiamoa'" 
tribe, iioaslbTy moaning Gimymies, who were far famed for this atirlhiit*^, nnd 
In aDOthor pince he says ^^tiuniiea” nre considered a socthai of ibc Cblhiluif^ 
lie also ohwfvod that IstlmilBn Indinns were distinguished from those of Coh 
lombtii In the old dnya by ihe enormous size of their bows and arrows, Tbo 
full accoiiiit of RestrciM>''s expedition Is to be found in Re^if^rtorlo ruluiu- 
Llansp Bogotdp >'oA U ami 12^ under tbe title of Uu Vlaju al Darien." 

BIBLIOGILVPHY* 

L AcrsTA, JOAQurs, CotnlwndlQ historleo del descuhrlmlealo y eolotilxacbn 
de la Nucvii aranoda on el deelmo sexto. Purls, Dwa 
2. RestefJ^, EsKEBtfi- Estudlos Sob re loa nborhsebes de Folucnbia. Bogutap 
ISSfl, 


63G ANNtTAl. HEKIET t^MlTlLSOKlAN INSTlTlfTION, 1D0&. 


3. Agfa0o, Fhai: Peiiio. KTOPiiUnticm Hfjrtorica IGscrttfl im pI Btplo 1*^ y 

pubItcflcliL aJior» par primer ^lex. 1lM)0w 

4. Valeev, UAiip^ I’teogmlla di4 de riiEuiiiin. (FIrftt pcilUi>ii.> 

Bosmtn, 

Sl Ibid, G€io|rniDA del ^vtmo do FnfiuniAr TeXlo Jid^PtPthdo iifli-lAliueiite 

It eoBtitianzA eu Iob eMTuelniP de In naelou. 8e$:iiEidu ^ik'tusn, vte, ?few 
York, Dr Aptdploft A 0*>«4 

6l Fabafa, FiLANciAa llln^orki <Io 1 h rludad rii* l^nEinaiii y rptuiki 

lilBtoricfi 7 ilet dt^ipartiueiite. Hlnr & Tfert^ld. I'nimiua, 18S5^, 

I,- , C-plimpbld. irfjaicirofl, 1^22, piiMlmdo jKir Riildwlii, Cr^iiiifK-k y Joy. 

5. pj^Ajrr, Ab T#, Vocftbnlurlu Ouati'llafto-tkpmMine, ete. PbtIb, ISW). Emeflt 

Leroui. 

6. Ibid, ViKubnlErlo €DBtel3jiDfv-CnDn, tde, FGrlMr Li9rPD:l~ 

10- Iftiy. VcMiibtitarln Castellfliio-fJbt>eo€^ l^rln;. ISS»T, 

1), liuu, VotubiilArlo CuPdeHaTiOH4«Ti0j|]iU% l^ris, ISSId, tA^roDi. 

12: liixuAff, FKANcreco. Idlomafi lTidli;eii4iH de Kwtndo di* thixacd * ' * 

« 111 ChDclio." Oils aeti. 1 

MkJxuDLD, ALsorro tt I a ruk^blSeA dP F^iiauju. HnnilAgOn 11^0(1 

U. Fix ACT, A. r*, Crjteecloii de TJpjniUrtScsi y elmigTalln Arm^rletnuB IVpujo 4. 

S?»n Fnineluco. tmpreiitii dp A. T*, IJMPirrcifi y e^i+ 

15. ItBCLirs, Abu AS V. PnimiiDJi ot flttrSeu Yoyu^e« d'lixplDnitifiti ISTd to ll^S. 
IlBehetlc ^ 

le. PfSAKT. A. u Noie* (pyr liwi UmitpA do elfJIlMtkpy do VlatJimo AiuerkulD. 
(HtprluE fruni MBS, In the FunuPl of Anierlp-aTi Eilinoio^, Wi^idilnir' 
ton, E), C.) 

IT. Pis ACT, Aixudsee. !j?s IndlenB de Velnle do Fonuma. Fovue ir^dbnojcra- 
phlfl^. Mnre-Ai:rlU 1SS7. PnriBk 

18. PeSba, FEksiii. Lfl ropubltqiie el lo eonBl. Iluebolto id elo, PorlR, JUtlO. 

10. -- Koeiill ConBDlnSrede fto]f;biae, tOOCk. 

2l>, W ATEm, Liobcl. A Ni?iv Yoynj^u Mkl lli‘Berl|>Uon. of l Ue iHlbiinifi of Arn'tlcii. 
Uo|prlntod froiu tLe orlj^uul Lji>Diioti i-dltSon uf by Geo. WSiiPblpw 
Tbt^ Burrown riros. Co., Clevelimd, 

21, Dohlabd. FRAXcia. Ttu* Ilb^loTj of Unrlen, elvlni? n ediotl desn-rtpEion 

thnt eountrj* ueieI no jiL'eouiit of rlie flltPinpEit of tho ^^ypteb natlou lo 
Bidtle a eolouy tbertv Me. GIub^w^ J. Brleo, ITTtK 
5^ GiBfioitxOh The tfdlirEiua of Darien In 1S52. Sinmdera Jk Stiinford+ 

I^llilOllt iSTiJi 

28. BATTOBorr, 11. Hh History of Aiuerlen, tdI 1. 

24. Ton). The Nntlvo tola, i and 4- 

25. rBLEftfiXPiT, liVu, Hr History of tbo Cophhi^ of Pern. 

21k ~ The Knii-yo]o|H.>4]lEl-AmiTleHii]|, Faicnmn." 

2T. nALE, 11. C. Ncptea on tMna4iiu» ivoabliiifiuii, Ik C., Giiyefiiiiiefit Frlntlofi 
Offloe, im 

2Sl Lixobay^ Fohqeb. FandiiMi— the taihnniEi nnd the mimli The J. C. Wirodon 
Co.. Fhllndelrhbi, 10«k 

20r XKrkoJf* Woi^niEn. live YeitrH at Ptinnnin. Tkdforu Co.. Xew York, 2^^. 
20. 'NietiuLAB, Fraxcjh C. Aronod tbo CoHhhenn and aertita p^namii^ 11. C* 
CYtldwell ^ Co.. Boston and New Vorkt HWKi 
31. Ons, F* N- Ifttbunia of Me. New York, TTnriier JL Bm. 

fctl Fi Mr Bedfokp. niiil SkeuaS B. rhittlnica en, Ihe Hoad Aide In PaikaiDHr Nlen- 
miCTia and ^hlopanUo eoimtty. Cha|Hiiaii & flalL T^induo, 

33, Tomicb. IloracKti Fanamn In 1H55, ilnnw & Ilro.^ New YorltK IHSTi. 

84. Dj^ilCclc. J, Tbo Itoiai of Meu. LondunH 




PA^^A^fA ANt> rrs PFOFLE—am.. 


637 


35, BKinttK* D# G. Tlie AiDf?i1ean Race, R D. C* Hodjiee, Nw Tork* 1301. 

36u Gadb, "SL Paper oa Itidlaii tribe* aii<J Irtiiguawcs of Costa Rico> ctCi* 
read belore tbo PMJoeCKpblcfil Swdolj* PhHadolliBSa, August 20, 1315+ 

3T, Boo^ut, Wk. Aaclent Itulbm Tottlba of CblrUialt eic,. Amcrleaa EOino- 
lD|dca) Society TJ^an8actloua^ voL 2, paigoa 101 to IBO. 

S& BITBB+ Wm. H. Tbo Itcpuhllc of Pimnnia+ Nanoaai G^rgrapblc SlafiaElne, 
Febru«ry+ ItKM. 

311 fi jLBBg TT, iouN^ Facta aboDt PaiiaDirt, Montlily Bulloiln of tlae Bureau 
of Amctleuft Reiii4lill(?Bi FetirtuiTy^ IWH. 

40 _ Monthly Hullotln of tlie Bureau of AmeHouu Reimbllcsy Juiy, llWl. 

HlatorJcal atctcb of tlie latjaiuus of Pummia (in Spiiniflii)* 

4 ] _ _ <^oiioral leudltloDB In Pfluntua, V- S. Ootiaiilar iiet»orts+ 

4^ >UCB0U18. Fmascib C, Pirnoim und Its (iwple. Kevitw ot Rwlewi 

Mnrcli, 1004. , iv,i i. 

43, BtLTBiwjt. T. O. K#lHJrt 0 of EipIorttlMa. Stirvtja, otc. Govcnmienl I’Tlflt- 

ing Office, Washington, D. C!„ l!f74, 

__ StaafOTd’a ijonipetnlltuu of GeogiapUy. tOenlml and SoiitU .Vjuor- 

lca>. VoJft, I and 2, EM- Stnnfortl, rjouflon, lOOa. 

4B. Wva«. L. K. B. carte General, 1SS5, 

_, War Dei»TUaent itnp, April, 1009. 

47. noLMfja, W. n. Atielont Art of the I’etp^'ince t>f Chlrhinl. Oth ^Vn. Bep. 
Btirean of EUmoIoKy. Washlnctoti, ISSS, 









CERAinC DECORATION—ITS EVOLUTION AND ITS 
APPLICATIONS* 


Bjr F&AscaET. 


Some author has said ^ Tha^ ceramic art is one of the most ancient 
of the Tvorld^s arts. Its birth is lost In the simdows of time.” It 
h into the^ deep sliadows that we must first peneiratcT but Ibere is 
little fear that we siliall lose fair way, for |?lowing trails have been 
biassed for us by such men oh Boucher de Perthes, Ijirtet^ de Mor- 
tillct, Piette and others still, who iuive made prelilstoric eivilusation 
known to us. 

Among all the industrial arts^ ceramics is of the most controlling 
interest when we wish to study the evolution of that artistic sense 
that has developed little by little among men. 

To expre^ the conception of his genius the potter must be at once 
a modeller, a sculptor, and a painter. He must also possess special 
faculties of invention and intuition so as to ovoid the pitfalls scat¬ 
tered along his path, hairdo which he meets at every turn in the 
preparation of his clays, in the working of them and above all in 
their baking. 

The study of cerEunic deeoraiion is also of considerable importance 
in connection with the history of peoples, since it often affords a 
means of following the progresgion of great migrations and even dis¬ 
closes, as we shall sec later, the very €u:^nii5 of the ancients^ It is 
the ceramic art, even more than metallurgy, which enables us to 
more fully appreciate the degree of ci\ilis&utiou of races which have 
gone before us. 

We muat look back^ to be euro, several hundred centuries to find 
the first appearance of ceramic objects and we arc struck with ad¬ 
miration as wc examine the remarkable conceptions that emanated 
from the still primitive brain of man. 

There are not yet in our po6?Messioii any positive proofs^ that pot¬ 
tery w'as known in the paleolithic epoch, in the hewn stone age, but 

iiermlssloii froiD Kevue SeleDtiOaQo; 47tii year* 
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in the ora of poliake^l atone which followed thisy art waa first mani¬ 
fested solely in the form of ceramic tjhjocta, Tite famj-s of i>rc- 
hisloric iKitter}*^ evidence an extraoctlitiary artistic sense In their 
dosi>^iier^. In apite of oiir schools of tine arts we (lo not ecjual them 
to-day. Our Jesi|^iis^ so l■olllpHcuted uiid generally so unoracefnl^ 
iLs a general iiile nre only poor derivations aiid con^ietiuently ntero 
ahenUions of thiwe prehistoric designs, iSijt we need not l>rlieve 
that it was the lack of all doconitive material that suppressed ormi- 
nieiUatioii tunoiig primitive peoples. Tin* plustirity of the chiy 
itself pointed out the roud to the first jjrtistE^ The imprint of the 
jpotters’ liiigun'is gave birtli to the intagHo ileconitioii, and in the cop¬ 
per age succeeding that of pcpRshcil stone^ we find desigii-s eiignivt^I 
by means of a cord, or a bit of W{>od or hone* or wdth imprints of the 
Icavt'S of ferns or fpther plants. 

After theijc engraved vases came the iiiiTusled vaseSj with the in¬ 
taglio design filled up with a white- (>r a colored chiy^ a process in 
common use i In ring the middle Eigew. The jni>st iH^autifnl of these 
HpcNumens are the splendid faicnec^s ascribed to Henry the Sei*ond^ 
made at *Saint-Porchaire (Charenie-Tufmdeure) in the sixteenth 
century. 

However, l>efiideii ihisj wo find in die neolithic age an omomenta¬ 
tion made by ghiing the hark of trees or small pieces of tin to the 
j)oi with n sort of jiitch. I hiring this long perioii, though civilisa¬ 
tion w’as more udvanoed than is gmerally realisscilH, yet mini was still 
in a hiilf-savage Ktate, and stnjggk^s between trilicH were no doubt 
frequent, Tt Is fur this reason tliat the custom arose of building 
villages in the center of laki'^ii to give better ilefense in cav^e of altackn 
"lAV have lo-ilay proof thiit mgruved ceramic ware was iifieJ for the 
det:^iration of the rude dwellingiH of these laciistriric vi 11 ages. In 
the lake of Boui^-t (Savoy) Inive Ijcen found lining paneLsof graven 
dn3" still carrying the imprint of the wood partition to which they 
had biTn upplietl* At ilm same time were discovered the clay 
matrices which had been nseil to make certain of the intaglio ini* 
]irjnts observed on the panels* The^ precious objects are dcxXJsited 
ill the Miiseiini of OiamWry, 

Along wdth the greven and ineniste<l nculittiic pottery wo find 
also painted jaiUeiyt nut painted with artificially prepared metallic 
colors, however, but with colons earths. This application of one 
earth to another to obtain an arlLstic effect W'as the laigilining of the 
^engobe ** which itself gave birth, many centuries later, to decoration 
with hard enamelwhich we will now consider. 

Whttl is known us engobe h a layer of one sort of clay applied 
over another clay to conceal color and to furnish a surface cnpiible 
of receiving certain decorulicins. In '^U-iigolung’'^ a piece of pottery 
11 w plunged quickly iiitu a paste made uf the eugobe cky or it may 
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be sprinkled isitli the day. Over the eiigobe may be applied the 
colored pigmentJi. Decoration by engobage wiui practloed in the 
nioit ancient tiniest, but no race took such u remarkable part in its 
development as tJie Greeks and Elniscans, wlio produced the gi'eatr 
esit artists ever known in tlie art of fired pottery, 

Krom a technical point of view the only feature that demands 
uttcTition here is the fact that tliey hml the skill to introduce into 
the*? eiigol»H( niHlerials sufiieiently fusible to give a true glaj® to the 
work, and that with only three colors—red. brown, btHli iron colo^ 
niid manganese black—they have inscrilicd on their vases the entire 

history of ancient Greece. . ... 

Tlie Greeks liave always been our teachers in the practic^ utllwa- 
tion of ccinmic dccoiiition. Tlieir niost ancient pottery, it is true, 
bear only elenieiilary designs painted with colored clays, but little 
by little" tJiere appeared rcprefa^ntatlous of fabulous anniials, then 
the great scenes that end^k ns to construct ideas of their life, eus- 
toms^ and religion, botli from the nature of the forms ati<l from the 
inscriptions and the scenes which they portray. ^ In a w^ord, here 
w'e find the utilization of wramic decoration carried to the limit of 

**^Elniscan pottery offers einmpies quite as remarkabk- Tlien there 
are the celdirated Roman [lOtteriesT about which t;ertain andicolo- 
gists have advanced the most unlikely liypotbescs to explain tho 
famous red lustd- which covers them. It is to chemistry that they 
.should have turned to find the solution of the problem, for it is chera- 
istiy that has revenkd to us the fact that this luster is a true cimmel 
which the Roman potters made by mixing a strongly ferrugmous 
clay of rock with a glass composeil of sand ami carbonate of soda 
w'ilh sjinill quantities of aliuninu and lime. 

This red enamel of the Romans is therefore derived directly from 
the engobc.” It was applied to the unbaked piece and was consiH 
quently liaked at the same time as the clay base itself, the tempera¬ 
ture Iwiiig comparatively low, uboiit 900". 

It is prctaidci] that we do not know how to duplicate this licautiiul 
red; nothing, however, could be more incorrect. We have « rock, the 
sandstone of Thiviet^ (Doidognc), which, when mixed w ith a gla^ 
or, more correctly speaking, a frit ridi in silica, gives ua exactly the 
satiic enamel that we admire on the Roman pottery. 

In this field we are even more advanced than were our prtslecea- 
Bora for we can vary at will this red tone from on orange shade all 
the woy to brown. All that nectl be done is to add to the glass (or 
frit) certain elements -iuch as altiiniiia, Imric acid, bomjc, or zinc 
osiile, tlie proportioiL^ of which can be infinitely varied. 

The Romans, iiowevcr, abandoninl ceramic painting to devote 
themselves entirely to sculpture. Their vases ornamented in relief, 
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their fitatuettes^ feven without other monujnent^t would s^how them 
to us as Djasters of sculpture. But where the Roiiinn phintic art 
manifests itself niost slrikingl>' in the iim of fired claj in th^i 
decoration of their temples and palaces. Their historical aiitelites 
and bas-relief are chefs-d*oeuvre, after which oui- fain on ai't nouveau 
appears quite ridiouliKisL 

Tlie <jrreeks and Jtomans had learned the technique of glazes in 
Egypt* which, after the defeal of Darius the Third by Alexander the 
Great, fell under Greek domination^, only to pass, three centuries 
later, into the hands of the Romans. But they no doubt wlshetl to 
make the clay alotie responsible for the disappearance of ceramic art. 

As T have shown Iti a fonner paper, it was the Egj^ptiaiis and not 
the Phfenccians who in their discovery of glass in the eighteenth 
dynasty also discovered the art of glueing. As a matter of fact, 
what is a glaive hut a transparent glass formccl of silica and jiotash 
or i?oda and the movt lately discovered oxide of lead ? 

Enamd is glaze rendered opaque by uxidcs of tin, antimony, 
chromium, and sometimes of iron, an example of winch wo liave seen 
in the Eoman pottery; covered glazes are those which are only 
applicable to vitrified clay, such u3 fdoneware and porceloiu, in mak¬ 
ing clay articl^fi. 

The discovery of glazing did not completely siit>erGede tlie use of 
etigobe. This was overlaid in many cases by a glaze, as is proved 
by a groat many antique oriental ceramic objects. 

In the I>eginning, the first Egyptian glazes were composed entirely 
of quartzeous sand and carbonate of soda. Later, however, in the 
Saite epoch, perhaps becauE^e of their contact with the Persia ns. the 
Egyptlanil came to know all the numerous enamels that we are cog¬ 
nizant of to-day. 

It is in the Orient, however, that ive should look for the most 
beautiful manifestations of ceramic decoration and f<ir ilie complete 
comprehension of the science of colon-. Xot only are we very infe¬ 
rior to the ancients iti these re=q>ects. but it would appear that as 
oiir Bcientilic progress becomes more accentuated EU't seems to heconie 
more and more feeble. The ermnided ceramic ware of the Orient is 
the most beautiful that himian geniius lias conceived* and I would 
even say the inciet grandlo^ if we considered I he mojiiunental ceramic 
pieces. It eanlKofiiirtj the successful solution of all th<>se difUcult prcdi- 
lems which confront the jxittcr in his stru^le for perfection—the 
form, design and coloring, the working of tho clay, the application of 
the enanveh and the firing. Our famous faiences of PalL^\ of 
Nevers, of Rouen, of Moustiera, and of Man«illE, not in mention 
those of Italy and Holland, are but child’s play by tln' side of these 
works of genius cjuricd out by the Egyqstian, Wrrian* and Arabian 
ccramhts. 
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Tlierc was a reflection of tliis art in Sjiain from tho thirteenth to 
the fifteenth century beeausc the Spaniards had brought back ^v'ilh 
them the skill in ceramics which they had acquired in Asia, There 
the Arabs first carried out the prucesi of applying ctiftnipl over an 
“ engobe,” a practice which perMisted up to a time when the use of 
white opaque eiianiei had passed into the current technique. 

Again, it was the Mohniniiiedans who brought froiu Persia the 
process of decoration by metallic luster, which consists in applying 
de[>ositsof copper and silver on the cuoTuel giving the effect of fleeting 
iridescence. This was carried from France to Spain in the four¬ 
teenth century and into Italy in the fifteenth. With reafject to the 
latter country it would be more correct to say that the Italians went 
in search of these processes amotig the Moors in Spftin. 

Afler l}eing in disfavor for three ecntiiritsi, decoration by metallic 
luster rca-pptNir&l in Fnituse. at Blois first, in IS i (I,, then on tho 
of Juan-Vallfluns in 1SB2, where it was introduced by the ItalianK. 

As for the preteusc that the process of decoration by metallic luster 
was a secret one. 1 have elsewhere fJiowii that this is not n fact 
IjccaiiBa this pioccss has never been completely abandoned. Some¬ 
times more and sometiimst leas of this luster |.Hjttery has been made, 
hilt in the last ten centuries the manufacture of it has never ceased. 

During the middle ages, when tha manufacture of enameled pottery 
was at its dawn in France, the making of lluing tiles wcupietl the 
most im]x>rtant place in tho art. In tlie twelfth century they were 
content to apply a white engtibc to tiles made of red clay, and then 
to cover t]ie engoi>e with a glaze consisting solely of galena, a natural 
srilpliidc of lead, or even merely to coat them with finely divided lead, 
which oxidizing under the double influence of the heat and the oxygen 
of tlie air is trausformed on Llie tile into a fusible oxide of lead, 
making n true gliu*? of a yellow* color. 

In tho thirtwiitli centHry, inlaid «r»mic ware appearud to have 
Ixseii in great favor. The tile of rod clay was moldcfl in Htich a way 
that tho design appeared in intaglio: this was filled with a white clay 
and then enameled either with the yellow lead glow or with a green 
glasw of copjjer. 1 n either cuso the. omamoiitation in white clay stood 
out clearly in tone under tho glaze after firing, while the base formed 
of the rwi clay reUtinod its vciy deep tones. 

This manufflcturc w*a@ kept up until the seventeenth century', mak¬ 
ing use principally of three colors, y cl ion*, green, and brown, blue 
l»mg sometimes insed. 

The utilization of lining tiles for architectural decoration bad 
developwl to an even gi'catcr extent in Spain, where the oriental 
influence had dominated to the end of the fifteenth century—that is, 
until the Moors were driven from the Peninsula by Ferdinandl the 
Fifth. 
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In the sixteenth century, when opaque white enamel fir^ mode itn 
appeiiranei^ in curreut pmclicc, it wns siibfflitiitetl for the engnlie., m 
that instead of deromting with crude engobe they decoruted over 
crude cnEimel. This was first applied to the piece, the deenmtion 
wns pointed on it, and it was firwl nt 000'^ C- The enamel, in vitri¬ 
fying, incorporoted with it the color, giving tones of gratt softness. 
As examples of painting on crude etiamel. mui' l>e mentioned the 
beautiful majolicas of the llaliau Kenais^ance, the faiences of Kevers, 
of Tloiienj of iWuustierSj which are Italian productSj and linnlly of 
Delft. 

In the fifteenth eentiir 3 ' tlie Italiam were familiar with most of 
the colors and enamels which wp vihc to-day, as well as with the 
metallic lusters* The procc^^ses harl l>ecome widel^v known among 
them and it is thdr formuhe which have furnished a basis for all our 
modern discoveries in polychromatic decoration. Fur this reason, 
when Bernard Palissy began the man u fact lire of his celebnited 
ceramic ware* he had only to make use of the enamels which were em¬ 
ployed in the Latin countries, Onecuti not take him seriously, there¬ 
fore, when he puts himself forwjird as (he inventor in h^ronce of 
enameled fiuence. He wished us to Iwlieve frcim his incredible state- 
monis that then? hud iwen no ix'nimists before him (whidi^ by the 
way, b sUll the fashion in our day)^ In any case, he made a gTcsit 
mistake in biirnlng his furniture and reducing his family to beg¬ 
gary in order to discover Uiat which the humblest potters of his time 
already knew* 

Tlie Italians cliiritig their greiil nrti}=tic Renaiss=nnce had imitateil 
the ancients in giving to their be^iutifiil decorations a utilitarian pur¬ 
pose. Kacli fnrm not only corresponded to it^ determined purpose, 
hut. the decoration was appropriate to the USO to whidi the piece was 
designciL They ha<I, for cxurnplCt ^nudl round diriies wliirh were 
filled with pre^rved fniit and srnt to ymtng Tnaidenf« on festival 
occjisions. The painting on theifta generally represented love scenet^- 
Certtiill curious vases w^re ufferecl exclusively to women soon after 
conlineiuent. I'hc^ singular pieces could bo separotefl into nix or 
seven parts—Stpoun, bouillon cup, egg plate, etc.—which after having 
lipen us<^ ivere placed in the original order* so as to reconstruct the 
vase. Tlies^ were* decorateci with allegorical subjects representing all 
the gods and pKldesHes of love. The same i<lea whb carried out in all 
their other uteo.Hib. ThuSt on their washtstands we find tritons, 
nymphs, and marine scenes. Tlie fruit dlriies were deeorate<l with 
agricultural scenes. It ie well known that their architecture was 
largely <leriveil from the ctTiimic art. 

There exifcted in France at the period when Bernard PaliSHy whs 
alive II fonn of dcconition ipiite a a remarkable as lijs, na remarkable 
Ijecaieoi it denotes m its originators a reall}’' novel conception in the 
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w»v of inlnitl wriiniic war?! This is the dwimiioti of the Suirn 
Porrliiiire fmierioes. 

Instead of tnaking large inlaid ornamentations of arehaie design 
such as were made in France during the twelfth rentury, the artists 
of Saint Porchaire ingeniously conceived the idea of filifom ini ttys, 
offering extraordinary difficulty in the way of execution, entirely 
different in this rcsfieH from the faiences of Palisisy, 

The faiences of Saint Porehaire are of yellowish color with inenis- 
tatioTis generally colored brow'ii l>y oxides of iron and jnnngan<*Ke, 
and are rnmiicled with a colorle^ glaze. 

Painting on rough enamel such as was practieed in Itnly atul Inter 
♦in l'>an«* has one feature of great inconvenience in that since the 
crude enamel is very fragile, the artist can do no retouching. .Vt the 
beginning of the eighteenth century a new sort of technique was 
(idnpled. The enameled piece was bulked at 900® and after this 
htiking (he design was painted witli colors reiidored fusihle by the 
addition of a flux, which is a glass melting lielween COO® and SOO®. 

The colors prepared by mixing a color producing oxide and a flux 
ore applied over tlie previously hake*! covering «nd are then sub¬ 
mitted to a special firing at a low temperaluK;, say tJ50®, These col¬ 
ors when they lafcomc vitrified adhere to the enamel and attain it 
brilliant hue. Tliis form of coloring Is crilleii decoration tritli \‘U- 
rifiuble colors. The best-known ancient faiences decorated l>y this 
process are those of Strashoiirg, laincville. Saint Armnnd, and Mar¬ 
seille. I’liciW vilrifiable colors were first appUetl to the docoralioii 
of soft [Hjrcelain, and afterwards to luinl porcelain, on which it was 
iilinnst exclusively used during tlie ninetecutb century at Sevres, 
Uerlin, and .Meissen. They were abandoned in the 1111 when disiora- 
tioij under the glazo appeared nearly a century ago, Tliis latter 
form of decoration consists in applying infusible rolora rwlucwl to 
an impalpable powder to the unemiinelefl piece, or in other wonls to 
the paste after it has bicen baked. This is tlien covered with a traiis- 
paivnt glaze. All the earthenware whirh is manufactureil to-day for 
table use is dc«.v)ralt‘d by this process. The temperature at which the 
falenctraare iaiked never e,xcecds 1,070% so that all the known metallic 
oxiiles can lie itseil in this decoration. This is not tlie case in pon^e- 
lain decoration, which nnist be siibjeclwl to a temperutnre of 
'I’hc iiiiinl>er of colors that can resist this higli teraperatnre is ex¬ 
tremely limitcsl; they nrc the cobalt blnvit, the chrome gmna, the 
roses and reds obtained from the grfe (sandstone) of Tbiviers, the 
yellow from nickel, the brown from iron anil munganese, the gray of 
plntitium, and the rose of gold. At this temperature a very beatilifnl 
yellow may l»e obtained with uranium oxide, which requires a highly 
oxidizing flame. The straw yellow obtained by the use of titanic 
acid is somew'hat pale in tone. 
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It was the Royal Mumi factory at CopGDhagcn which, in 1S8&, first 
demonstrated the fiavantagc obtained by lh« decoration of porcelain 
lit a bigii tcmiperatnre 

The factory at Sevres Mlowe^l it in ibis process and with vciy 
fpxat ftticcess, for it had possessed for n Ioujej time the knowledge of 
the dc<;oratioD with colors at high temperatures^ which had been 
jfivestigattid. there tong before it had. been carried out at Copenhagen* 
S&vres pos$a?sed a range of tones much more vigorous than those in 
USB at Copenhagen* as may be ob^rved by comparing the pitMincta 
of the two establbhments. 

1 must now lube up ihe siihject of stoneware (gr6s)^ to which 
Brogniart has added ihe name of cen^me to distinguish it from the 
natural grf-s (t^^ndstone) which is tliat abundant rock, certain hard 
varieties of which are iililiiscd in making mill stones and paving 
blocks. 

1 may firat mention the fact that there are four clai^^ of commic 
productSt earthen’ware, faiencct stoneware^ and porcelain. The first 
two are made of unvitrified paste and are coiuicqiiently porotis. 
The other two are of vitrified paste (after baking of coun^) and 
are impcrmeiiblc- 

Porcelain is the most, beautiful of aU thcije ceramic productSj, but 
iLs very high price largely limits its use. However^ os vitrified clay 
articles are iiiucli superior to the tmvitrified, in the last tw^enty yeara 
Bt one ware has been accorded a most im|>ortant position. 

At the same time that stoneware adopted into the art a sp^al 
tiecoration was applied to it, conBisting of covered colors obtained 
by the mixture of a coloring agent with a colorless covering- 

Stone ware is baked at 1,250'’ at most, at a temperature consequently 
much lower than porcelain* faith should lie given to the asser¬ 
tions of certain ceramists who pretend to bake their stonewsiro above 
the temperature 1 have just itulicatedj some of whom talk temptjni- 
tiir^ as high as 1,800^ to 2,000^ 

Others do not hesitate to claim that the manufacture and dera¬ 
tion of stoneware arc nulch more difliciiU than with porcelain. I 
hear this absurdity coiitinually repen ted j but I am sure that esperi- 
ence would lend them to a change of mind in thb regard. 

In wiisidering the qucftlion of stoneware, the idea came up of 
resuscitating an old color discovered in 1T92 by tJie fGerman chemist 
Klaproth. This is the color based on titanic acid. Titanic acid la 
met with abundantly in nature, associated to the extent of 2 or 
S per cent with oxide of iron. It appears in the form of a red 
ervslalline mineral railed nitik. One of the most remarkable 
properties of rutile ia tliat it gives a mat finish to covering layers in 
which it is incorporated- Thcb« mat finiidieg have been declined 
the supremo jictfcctiow in cemmic decoration, tlinugb no one will 
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Mfliujt tliet, while they 3uit certain circumstances^ they deplornble 
ill many others. A mat finish can he obtained with great facility 
with all shades without exception^ but tiicre arc three which Uavo 
been adjudged worthy of serious consideration. These an? the browm 
mat finish obtained with rutile; the green obtained by combining 
rutile with cobalt oxide ^ the gray blue obtained in the same way as 
the green, but by the use of a less proportion of cobalt,* 

The introduction of mat finishes In ceratniE:! decoration filled a long- 
felt wjinU They are necessaiy because they nuike possible the use 
of ej?rtiiin inotifs of sculpture that lose much of their character with 
brilliunt glassess. The bc^t things should not be abused^ how erer. Tlio 
mistake has hixm made of applying mat finishes to everything, 
notably In architect ore. The ^vre^ manufactory has set the 
exampkf flis indeed, it may well do^ since it is our grcjit national 
establislmicnt for ceramic study. That factory w^as responsible for 
the construction of the immeii:^ portico of stoneware with a mat 
finish seen to-day in the squure of Saint-Germain-d(^-Pres in Paris. 
This sample of modem cemmic architecture bears witness to our 
inferiority to the Orient, where they use brilliant enamels ex¬ 
clusively with IV skill that might well inspire our architects and 
ceramUls, Paris to-day numbera several edifices of jiiut stoneware. 
Let us hope that they will not be multijdied. 

The tones eomnmnicated to glazes and covering layers by luelaUic 
oxides arc. from the standpoint of coloration^ clcr^ely dependent 
on the nature of the atmosphere of the kiln. The flames that come 
from the hearth of a lain and penetrate into the firing chmidicr, 
inclosing the articles to be fired^ are posse^^d of difl^crent properties 
according to their com portion. They may be oxidizing^ neutrab or 
reducing. A flame is oxidizing when it is saturated with oxygon 
derived from the air and contain^^ not only an excess of carbon but 
an exce^ of oxygen. Under these conditions it is blue m color. A 
Hanie is neutraJ when it contains neither carbon nor oxygen in 
It stiU has a blue lint, but this is less mten!^ than In the preceding 
case. A flame is reducing when there is a lack of oxygen in it and 
it is saturated w’ith carboiL It is then yellow in color. It is there¬ 
fore easy to understand that these flames^ having difTeront compo^i- 
tionSf will exert considerHblts influence ou the colors Avhirb may be 
submitted to their action. The ceramic ware w hlch wo usuallv see is 
fired w^ith an oxidixuig flume. 

Two binds of decoration may be obtained with a reducing fire; 
one at a low temperature, the other at a high temperature. Tlie 
decoration witJi a low temperature is represented by the faiencoH 

*A]1 lh& fbrmalfD for nint ntilshea bare been pubUHtt^ uuiay Uuies, and are 
known ti>Uuy lo all caranOeita 
~BM 1909 - 42 
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wi(li rrjetflUic Insstc’r. To obtain theHc stnutillating deposits^. wIiohc 
| ir<K^?ss fkf joaiitifiicturc I have rtiS5<'rib(Kl eeveml tim^, it in only 
iiet-e^'siiry to Jip[>ly to the j^liize aftet it ia fired a eopper stilt— 
siilphido;, oxubito^ or the like. The pieeo is then heated to a dull red 
^about and afterwards submitted to the action of rediicinw 

These iriilescont tones may be varied by the addition of salfe 
of silver aiul bismuth^ hot 1 have previnu.^ly shown that the brovrnj 
yelioiv, ^Iden^ or red shades cpf metHSUc depositiv are not diiOt qs here- 
tofore believed^ to the nature o-f the mixture of oxides^ but to the 
dumtion of the redurtion. 

The copper re<h called ron|^, flanimf. or flainbe, is fired in a rwiiic- 
in^r Hfime^ not at a low but at a hifdi teinperaturen At the preseol 
lime, it is lrut\ the pnblk has lN?en so misled by cenunit: fairy' tales 
that Lliey are completely ipnorant as to wluit these llanied pieces are. 
Asa matter of fact* wiien a particular vase has little viilueTand is conse¬ 
quently difficult to sell, they erubeltish it with the description flajnmd 
de grand foil" (flamed at a high temperature)* demand quadruple 
the actual worth, and almost always then fliid a purchaser* Every¬ 
one to possess a pecmliar mentality that leads him to aee some- 

ihiiig wonderful in the simple^tt thingn. He h easily led astray by 
these ceramic fables^ for the art to him is secret, of fearful tempera- 
turcfij and of mysterious miinipnlation^ worthy of the most somber 
eptx^hs of the middle ages, ThciKc fables are u relk of Bernard 
Pfilissy, who had better never have written his Art de terre. 

Ataiiy imiigiuti that these flame effeeti^ can not be obtained ext’cpt 
on stoneware. This is again an error; they are even more beautiful 
on porcelain on account of the whiteness of the clay* 

I'he tei'm flammf applies exclusively to that beautiful red finish t 
with a copper base^ which generally shows vertical striations due to 
ilie viiriiihle inlenaity of the coloring material. These variations of 
tone are a result of the action of the reducing gases, which contain 
zones in the interior of the kiln which are not all saturated in the 
saine degree with carbon dioxide or hydrocarbons. This is clearly 
indicated by the fact that on a vas^ colored with this copper red are 
fre<{iiently found greenish or bluish parbj, and sometimes even pal¬ 
pably greens <jr hhieii showing ait oxidizing action, and brown and 
black parts produced by a more intense redticiion than that causing 
the vivid reds. These ijeeiiliaritips show that there evidently exist 
varied zones in the kiln, ^ine oxidizing^ neutral, and stome 

rediiring* the latter of course being the prepondemling ekmenh 

These rouge flammc covering^i may he either brilliant or mat; the 
former. howevcT+ are incomparably more beautiful than the latter. 
To obtain a mat red n large i>ropOTtion of alumina (in the form of 
kaolin) or lime (in the form of chidk) must be introduced into the 
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ecivtiriji^ hyw, llj ii lai'gi> pi*uportioji I nioftii froni !i0 to 30 per eejit. 
Tliy covering i^]ioiild bo applicMi to the piece in a very thin liiycr^ 
1 k) weaver, tiullinictor;^ iii niost- 

Tlio rotliiction Khonlrl bo an onergt*tic one, and in this connection 
I Iiave oijserved tlint this can bo eontmlled by the protn-r rognlitlion 
nf the (Iruft dii]ii|ier, Tlio con^ftrudors of kilns have gi>tten into the 
bad iiiibil of placing tins directly over the gmtes, and 1 have noticed 
that such a practli'o h itiji^rioits to the proper operntioii of llip kiJut 
while if the re^iktor is placed at the base of the chimney, w'hich 
surmounts tlie dome, the draft is perfectly even^ it can then be regu* 
la ted in siidi a way tiial the interior atmosphere may In? rendered 
at w ill either sirongly oxidising or strongly reducing* 

In an i>xidizing tire n lead gkze with copper acquires that vivid 
green tone Avhich has always been very [yoptihir among primitive 
peoples, and which is still in genenil usage in the north of Africa— 
for example, in Algeria and Morocco, in spite of constant contact 
wulh Fnince—in Italy, and in Spain* An alkaline ctn'eriiig (rich in 
poiaHih and soda) acquires a remarkable bine tone (Egyptian blue}| 
to which may l>e given a greenish tinge by the addition of lead. This 
givd^ a tnrt[iioise tone. 

In a rtKlueing Are the green ghisce, the blue glaze, or the tiiix]uoise 
iN^HHiie red, hnt the latit is alkulino-plumboui? and will idwitys give a 
lutifh more bemdifnl red than one containing only lead. 

With this red 1 have a?ss<iciatcd the titanium liliie- We have seen 
that rutile, natural titanic acid, gives a yellow or brown-yellow in an 
oxidizing fire. Fnder the inHuemee of reducing giises, the titanic 
acid passing over into the blue ^^pdoxide of titanium is an impor¬ 
tant feat me in the d™>raiioii of the fiiimed pottery* This titaniiiiu 
blue hm the remarkable peculiarity of jjrescrving its blue tone in 
artiliciiil light* jnstend of appearing brown like the cobalt blues^ or 
green like the copper blues* 

Wlieft iho c-opper red and the tiistiinm blue arc combined on the 
same piece, violet would onliiiiirily exfiecned^ hut each color ki^eps 
its own shade. Violet can nevertheless be produced as I have ob¬ 
served in extremely rare cases, an effect due, perhaps* to particular 
conditions of r^■^duction that c^scap«‘d my attention in !hc firing, 
Violet tones in the fljimei] ware can lx» easily obtained^ hoiveverj by 
cnnibining the copper red with tJie blue of cobiilt if the latter m not 
abided ill tod gceai excess. 

Finally, T have obtained some curious modifications of tone by 
enmbining copper, ^sqiiioxide of titanium and gluclnum* (1 say cop¬ 
per and not oxide of c.’Opper liocrtuseH according to the theory of Ebell, 
the coverings are colored red, not by the oxide but by the metal 
iLself,) I intrtalucc the gluclnum in the form of silicate, conse- 
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quenilj as emerald, using the etuernld of Limousin, which is nearly 
white because it is free from the chromium oside present in the green 
emerald used in jewelryi an oside which is really an impurity. 

To sum up, ceramic decoration in a reducing fire luakes it possible 
to obtain effects which are totally unknown in decoration by an 
oxidiaing firing. The colors obtained by reduction possess a cou' 
siderable power; they are not due to chance, as certain ceramists 
declare, but they are determined by true chemical reactions between 
the metallic oxides and the prmlucta of combustion. We have not 
yet niaatered them, it Is true, for the study of them is only rnnglily 
Mketched out, and if I liavc been able to determine the exact ciuidi- 
tions under which copper red can b© obtained at will it is only the 
result of a cronsiderable nnmticr of obiiervations.* 

Decoration vi'ith a reducing fiame offers a vast field for research 
whicli I believe will reveal some absolutely new facts. 

In this brief study of the evolution of ceramic decoration I think 
I have detnonfitrated sufficiently the truth of tlie statement I made 
at the beginning; tiiat is, that this art has been intimately con¬ 
nected with the history of races since the origin of humanity. 

• I wa not enter Inlo nil tlie detetls «f the ppodaetlon of cojiiwr retl. t iiavo 
receottr written an nr tide on this ouhject which appeared In the TRnioiiellons 
til the ifu^iah Cerauiie Su.‘lat>', vul. 8, ic T1 (aa the dcvclomi^t of oop(«.*r 
ted In a rediielog etiiKMiaiere}. 




SOJfE NOTES ON ROMAN ARCHITECTURE.- 

EWIth 4 


By F, 'E Baoqao.aV, F.I1.LB.A« 


Roinfin buildings, after reiiiniiiing for tlireo ocnturies the sole Ln' 
apinition of the urcluti^tii of aH Europe^ Imve for a long time now 
received far a l ten I ion from Euglia^li stuiienLs than is their due^ 

wheJher they nnp judged on tlieir merits or by the fftcrl that they are 
the dinnt unccMtors of all sueb modern architeeture as can claim 
aticietit descent. 

Our attention has lately been directed once more to Homan work— 
first, by tile fact that when last English architects exammetrl it they 
were content to look at a part only* and hardly went telow the surface 
even tlicn? j sectmdly* I thinks by our growing acqiiaint4iiice with. M. 
Choisy'ti illuminatiDg work oti Homan building metliods; and, lastly, 
by w half hope lhat, as the Imperial Homan system of cemsimetion 
was largely a moiiolichic coiicreie ay stem, it may contain some sugges¬ 
tions for dealing with ferro, nr reenforced, i^onrrete i all the more fiitice 
Human c!oncrete was almost always itself in a sense reenfoix^l with 
brickwork. It is true that to call the brickwork used with concrete 
by the Romans “ reenforcremeiit” is somewhat iniskadiug; at best it 
has but little resemblance to what we call reenforeement now; and 
much is merely centering or facing. On the whole^ however, the caii.se 
for paying special attention at Uie present time to Homan architecture 
is strong enough, I hope, to excuse mo for bringing the ^nibject before 
you, although I hare no fresli information and little new to ^y about 
it. 1 should like to treat it historicnlly; for, although the dry facts 
connected witli an ardtitcetnrul ^yl© or arj-stem of building can be 
learnetl without reference to the hii^to-rical [Kjint of view, they can 
only be really interesting or fruitful when seen in chronological se- 
<]ueiice and in connection with the circumstances that molded them. 
Wilhoiit the help of bislory wc see only the effect and not the cause, 

*nwnl before tlw KJmilaEtuiin Arohlteetaral As^ielatJoa, Febnuny m, tOOO. 
Benrliitcd bv permJj^onn after rerlHloo bj the aotliDT, frojn Joinnal of ttie 
RojTil tvstume of Brltlaa AretltectB. London, thinl Ac-rkv, voL 10, No. 20, 
October ItJ, IVm. 
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iiTid witUoiit t>^rteiving both we get at noibiug tbiit is of much real 
U8C tv l]£. 

A gootl hiritcuy of Itoninn riitUitccture liiis ycl- however, be 
writleo ^ untl there ore s^iue <UlfieiiUii!^ m the way of writing it which 
life surpriiiing if we con-'»ider only huw iimny reinum^ Htill exist and 
how much we know Kuinuu liistory End civilizution iti other 

directions. The diHicultieM iite the paucity' and archilectiinil un- 
ini[K>rtonce of exiiitiiig roinaiuH that ciui even probably Ijc assigned to 
jjeriodii licfore tlie establishment of the Empire, the fretpient difliculty 
in dating with certainty the existing remaiii.s in Konie of later 
stTtictureis and tlu- entire al>seiu’e, in nioiit cases, of dcHinte clues to 
tile dates of piwincial Iniitdings, The hnit iivo difticiiltk^ are largely 
fine to the liuilding activity of the Hrst two centurii*s nf our er^u 
which ledt witli consiflemhlo aid from fimt, to the reiiealetl [nirtial or 
(^miplete I'ecsjii.H-Tructinn of id most all Important buildings in Home, 

The unctTiaifitv of the chronology of Koman iircldtectiirc was 
somewhat violently illiistrtiliHl only a few years ago. In 1894 it. 
('^fietliuiJie, a yoiing French man, s^iKing a favorable opportunity^ was 
able to show that the roUiixIa of iUe Pantliean is not the lunlding 
erected by Agrippa in IJ. C, ^7, as hinl geiienilly lieen supposed., but 
tdninsl t^rlainly a structure of the time of the Emj>ei>>r Htnlrian: 
i]idte certainly not earlier* for all the briefc?^ which be eximcled at 
random from various pariif Inire stamjts known to be of tbal reigin^ 

This discovery remove] ibe principal witness to the extraordinary 
fact, hitherto always ussuined, and often usserlml in so many words, 
that the lnifM.wial noiiiaii system of brick and Lx>ricix?te construction 
sprang audilqiily into i^xisleiiee fully ilevelo[)ed in the reign of Angus* 
LuSt Olid endtirefb virtually unchanged, for nearly three and a half 
t'enturies. M. Choisy himsetf, in a short chapter* luliekii — j^t^rhaiifl 
in irony—^Miblorieab^' sjieiit intieh language in enlarging on the 
iinprccedcnleil and surprising nature of the thing; but be iiisisltsl 
uevcrtheh*ss on the sudden rise of the system, it'^ idmost iis siiddei^ 
abandontiient, and the absence of growth or development hetweem 

M. Choisy, like olhers* evidenily <H)]iiparcd dm Pantheon with the 
writings of Vitruvius, who riiiisi have published them at just nUnit 
the time it was lieiiig built, yet was obviously eutiixdy ignonmn of 
any metliods of laiikling nearly so advanced; and instead of finding 
whiit now appears lo lie ibe obvious soliiiioii of ibe pn^r^le — ^nanioly 
that the date afKigncxl in the Pantheon w^ii a mistake—^M. Choisy 
accepted the date as others hud done am] arrivct] at tho only ttiiichi- 
sion then po^^isihle—niuncly ihal the incredibl-o Imd really hapinmctl, 
that the systcjn on wliich the Pontheon is built had just f;prong Hud- 
deiily into cxisteJicc* and that Vitruvius W'a.H a poor old fedciw' far 

^ L'npt Ijollr, Hurt U. chap. 1, 
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E)ehmd his times ainl grossly ignorant of wlint wns going on around 
him. Unless wc licUevc this of Viinivins it is iini>ossih1fl to suppose 
tliiii walls faced with burnt Ijrick were common, if they existed at all, 
in the earlier part of the reigu of Augustus. It is Irue that in a ps- 
sagu* in which he is suppowcil ti> be t[uuting s tlicn ju^t pi omul* 
gated he me Jit ions burnt brick ns ono of the materials alluwed to be 
used fur grouivd*tl<Hir walls in Kome. (It is a passjtgc tliut i-ciuls 

rat he r 1 ike a later insert ion, but that need not be insist ed 11 pon.) Hut 

he nowhero meiitious the triangidm* bricks used in all known rfmains 
of Homan brick facing, and in the long chapter iu which ho descrilies 
minutely the various kinds of icalla he not only dot^ nut mention 
brick facing at nil, but snys that opus ndiculatiim—ft facing of small 
blocks of stone—was what everyone was (hen using—** quo mine 
oiimes utuntiir.” ■' 

There is one piece of Roman brickwork, the basilica at Pompeii, 
which Overbock in his great work on the town put down to ‘.W H. t'.^ 
and which others, on the strength of u date said to scratched on 
tho building, have Bltribuled to llw consulship of I^epidus and t'ntu- 
lus—that is, T6 H. C. Hut such dates arc most impiohable- The 
work is tK-autifully executed with moldoil bricks ( pi. 1, fig. 2) . in a style 
winch nno can not suppose to have hccii possible at such dates, but 
would he quite natural if thebaEUiea had Ihwii rebuilt after tho ciirth- 
quuko of A. 1). 63, which, according to the cDtitcmponiry cvidciitv of 
Scueefl. tlin^w down u great juirt of tlie town.* 

’iVilhout Iidmitting that bocinise one doubts whether the Uomaiis 
used brick-faced concrete quite so early as has been aupixiswl, one h 
iberefore obligctl to point out wdun they did bi'gin to iise it, it nniy 
be suggested tbpt the upper part of the ruins of Caligula’s palace, and 
the original part of the wall of Uio prietoriaii camp in Rome, which 
Doctor Middleton succeeded in distinguishing from later additions, 
are tho earliest works of the kind tif which considerublc remains exist. 
From Middleton’s description * the latter wall must have been a very 
fine pieco of work—better even than that executed niidiir the Flavian 
emperorfi, and he attributed it to the time of Tiljerius, when the 
camp was first establUbed by Sejanus in A. P. 23. Dean Mcrivale 
says tlic wall was not built until two centuries bter, but he was prob- 
alilv thinking of the wmrk of Anrelion, who, as Doctor Middleton 
shows, merely mised it. Tlie liitturs snpportion that the wall was 
built at once upon the establishment of the etimp is not. however, 

M, JT. Tlie text by nntl i« UBt^l 
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correct. The mere e^abliahmemt of the camp was siiffi- 
deni for Lbe purposes of the moment^ and to fortify it permanently 
at Once would liavo been to further alarm the people of Rome without 
juliKpiate leason. The coin^ too, of Claudius on whidi the camp is 
pirtiire^l appears to show a timber fence rather than ji l»rick wulL On 
the whole^ it seems quite likely that the wall ’was not buili liufoire the 
time of ( Iniidius^ or even ^erfi» W itJi reg'ord to the fitlier example 
alsf), (be works are immense* and if completed by Caligula miiFl liavc 
lieeii built in three and a half yeors «t most. There is nothing im^ 
probable in ffup]>osing lliat part of the palace to havo hsen c^ompletenl 
by Clandiua; and ihere is a di^inct dilFemice of system between the 
hiw^erand upper parts of the w'orb, the lower being of opus re L leu latum 
witli brick quoins and arches oitly. One part of the ruiiis of Xero^s 
fiolden I'fouso ” Doctor ^liddletori also describes as Iwing faced 
with brick* and another wdth a mixture of opus rcticulatum uuil 
brick*—tlmt le no doubt with brick quoins. It w'ouhl l]C rasli to 
entenain a positive eanTietion opposed to the geneiiilly accepteil 
opinion^ but it &eoma po^iblc we may eventually discover that though 
fii^d building bricks were gradually coining to the front from thn 
middle of the first century B. (J., and may have been given n certain 
impetus by the metropolitan building act of Augijstu.s their use iu 
the jilacc of idone for entire wall facings did not become general 
Iwfore the time of Xero, If tliai should be tso* we may perhaps also 
find tliot the :^slem of building concrete vaults w'ith a lacing or 
framework of brick did not reach its final dcvelopuient Iwfore the 
middle of the sk-ond ceniury of our era. 

ith respect to Romau coricrfde, I idioiild liki^ to enter a protect 
against the indiijcrmunato use of the term by Doctor Middleton and 
other tvriters, W'ho apply it even to tho walls called by Vitruvius in- 
cert um and re ticii la t unit iu oppositioBt ns it seema to me* to what 
\ itnivitifl himself tells us. It tnay be merely a que^iou of a defini¬ 
tion, but if a writer has one definition for a thing and ius readers 
another, be becomes misleading. Doctor Middleton argues for the 
word concrete beeouso^the result “was a i>erfectlT cohercjit mass* like 
a block of stoiiCj particularly iinltko wdiat ig now naually known as 
rubble work. ^ But to the profe^ssional reatler the ditferenee between 
concrete and rubble work is not one of resuU, but of llie way in which 
the result k obtained—the results by either method may differ as 
cJialk from cheese. The doctor bLmsdf acknowledges that in die ex¬ 
amples he 0X1110104x1 tho larger stones wer\> placed with so inn eh regu¬ 
larity that thoy iniiMt have been throw n in separately, fig nrrived at 
the conclniiion that thick layers of mortar^ mixed with amuU stones 
and layeni of larger atpnes, were throwm in altemutely^ When this 
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was done in trenebes in the grtiund, witliLn wFOoden iiiulds, of which 
he found distinct, murks on certain walls, or between two built faces, 
as described by Vitruvius in speaking of wrought stonework,* one may 
very well admit the term wnerete, even though the regularity of the 
larger stones suggests that tliey were laid in by bund rather than 
thrown in (pi. 3, fig. 1). But VUi-uvius never by so much as ii hint 
Md gg est-s the use of ** false work in his time, lie tells ns, and iho 
nppearniieo of the walla nt Pompeii, for instance, lienw out the ile- 
scriplioii. that opus incertnm consisted of rough quarry atones, one 
over the other bonded together ” *-in fact, a rubble wall, built, nu 
doiiU, with u larger fiuantity of mortar than we use, but hunt, nut 
Opus reticulatum ho does not describe in detail, but evidently 
n-gards as a fashionable variety (which lie does nut altogether up- 
prove) of incerlmn.' As a matter of fact, it would not bo possible to 
cast a wall faced witli opus rclicukiuiii. and would be very difficult 
even to build it behind boarding, especially the weather lioardiiig, erf 
which Middleton found traces. The faring was of small cmiical 
stones with square heads, which were rtHpiired to fit neatly ttigether 
on the face; to set them inside boarding a man must have 
overha n d and w I thou t seei ng whn t he was doi ng. W i tbout t he board* 
ing, however, there would be no more dillicully in building such « 
wall than in building a flint wall with Split faring; and there ran 
lip little doubt that that is how it wns done. It must, however, Imve 
Ixsen slow work. One knows how necessary It is to go slow when 
building with flint or ^all rubble in lime mortar. After ptting a 
foot or two one niu.sl wait for the mortar to set before putting more 
weight on, otherwise the work will bulge and twist, Now, uiortar 
made with posszolanu, such as the Uumniis used, though it eventually 
gets extremely hard, does not in the first few days set appreciably 
faster limn g^l lime mortar; and the Romans used it in large quan* 
If one may venlureto guess, it was this slowness that let! after 
a time to the intrutluclion of false work to support walls while in 
course of erection. It seems nearly certain it was unknown in the 
early years of the reign of Augustus, but it may have been intro¬ 
duced soon afterwards. The building activity of that reign was 
unprecedented, and would probably have demanded methods quicker 
than the old. On the other hand, nmsl of the remains of the time 
arc of squared Stone or very neatly executed opus reticulatum, which 
run not have been built behind false work (pi. 2). Middleton’s 
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djiietl exumple of the i?video ce of fit Iso work is purt of the 
loujidutions of puliice^* nn<J he roeiitioJiB* also a of 

opus fcticulatum snd brick, which may v^ty well be of the same 
jwrioilj as I>ein" venr' rou|^hly execiiterl, which would bo natural If 
nil attempt lind lieen made to nppljt' tlie new di&coveiy to a puftKific 
to wliidi it was not suited. 

In the matter of arch^js and vaults^ the later Homatis iielievod thot 
they ha<1 leji tried the art of hu tiding them from I heir old neighbors 
and enoniies, the EtruBcuns; and probably they did, though it is easy 
to see that the elninifler of the materials they had jit hand was sudi 
as to favor an andied while the nature of the site of Rome 

and the suirimiKling cotmtry suggesierl the const root ion of drains 
and aqueducts^ in which arching, to say the leasts came in very use¬ 
fully. 1 he history of Koiimn architecture in early and Republican 
times may, [>orha|is* never Iks rarovercfL The difaculties in the way 
of excavations arc great* whilei owing to the continuous ctfciipation 
of sites* the results mrejy tliiow tniicii light on early work. There 
are !^me remains of early walls of tliai sijuared and bonded masonry 
wdiieh Vitruvius seems to have thouglit w’os one of the thingn Tiomaii 
unrliiteLis had borrowed from the Greeks^^ and w^e riiay assume as 
. certiiiii that, like the Etruscans, the Romans early m^ed the airli to 
span gateways* Rut we do not know how' they Iwgiin to put 
the art'll to other tises. and the extent to wJiicIi voulUtig was dc- 
veloiH-^tlj Lief ore it was taken up by the architects of the Imperial 
peritHl, h not iill^igether clear. The little dome over the ancient stib- 
terraiican chamber^ called the Tullinnum in Rome^is built of ent stone 
in hori/.onlxLl courses^ and JL ClieilaniiG declared * that the doino 
of the PuhElieoii ia built eiuiiidy of brick in the siiiiie w^ny—that Ls^ 
in horizontal courses* If he was rights it would to iudicote that 
even in the reign of Hadrian the Ronmm^ had not arrived nt our con* 
ception of domes as develojjjxiciits of the arch and dependent for 
their stability on much the same forces, hut they regardetl them as 
syfitems of coriKdting- The chamber nl>ove the Tullianum, called the 
Miuhertine prison, however, roofed with a smaU barrel vault neatly 
huilt with fftone voussoirs (pL 1* fig. 1), Its date is uncertain except 
that is very early Republican* If Vitruvius knew how' to build a 
vault at hIK it is surprising that he did not give instructions in the 
art in a w^ork which he evidently intemietl shouhl ctiver the Tvhnlc 
field of bunding and In which ho deals wilh muriv smaller mat¬ 
ters:. In die chiii>t{!r on Iwiths* he twdee rneniions Camera?, that 
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arcli«d t'ciUiigf over the hot mnos and twice the hcmjaphere over 
the somicirciilar receiiG in which the labnim wrb placed. But he im¬ 
plies that the arched ceilings would not. usiiflUy lie structural ones. 
He says “ they will be more serviceable if built,''’ but not how that is 
to ite done, uttd proceeds to describo" as an ulteriiiitive n ceiling of 
“roofing tiles witlioul margins” laid on iron rods or arches hung 
to u Limber framing. 

The still cjEisting barrel and hemispherical vaults over some of the 
rooms in the iulbUc baths ut Pompeii are often quoted as of the re¬ 
publican pcritul, but their dale is very uncertain. From illustra¬ 
tions it would nptHiar that they me entirely of concrete or rubble 
without brick, but the walls of tlie nsims are shown as liftviiig brick 
piers and lacing courses, which, according even to Doctor Middle- 
ton, w'oiild make them not earlier than the Inst years of the reign of 
Augustus.* Tlie oldest imiKwtaiit itonuui vauita to which a data C!ni 
lie assigned with tolerable certainty are those in the building ciUletl 
tlie Tabularium, erectiHl aguinst the face of the Capitoline Hill, on tUo 
Furmii side, proljably in B. C. 78. 'I'hcse are narrow barrel vaults 
of tiifo concrete stienglhejied in one part at intervals with arches 
coiiiftructed witJi stone voussoirs, and partly, pcrliaija, rt^ing on 
ilieiii. The next arc those of the sulwtrtieturcs of Caligub's palace, 
which, if not quite so old ns Caligidn’s reign, tnusl Iw older than 
those of the Colosseum. Miijdleton says tliey arc cast concrete." 
Then come the vaults behind the two lower ranges of arches of the 
Colosseum (|jl. 4), which must liuvo btwii erected between A, D, 
70 and 80, These are barrel vaults constructed with brick arebes at 
intervals, between which they are of concrete, on tlie lower surface of 
which the marks of boartUng are still visible- All the more elabor¬ 
ately constructed vaulu illustrated by 3L Choisy are of the second 
century or later. 

To turn from the history of constniction to trfher matters: There 
ia other evidence, besides that of Vitruvius, for the fact that the 
Hommis acknowledged their indebtedness to the Etruscans the 
funn of their early temples, which appear to have Lad tree trunks for 
columns, widely apaetsl, and carrying wooden architraves. The cella 
walls were of riihblu or iiiiburnt brick, stuccoed uver, and no doubt 
termimiting opposite the columns of the prostyle portico in timlwr 
aula;. The roof was of timber, covcri'vl with terra■t'otta tiles; a 
terra-cotta cornice and onniments were fixed round the eaves and 
sometimes, at least, terra-ejttta or bronre statues oriutinetited the 
tympamim and the a[)t;x of the iwlmieiit. All was crudely painted 
in bright colors. Judging by a custom of later limes, which must Ije 
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111 Qinly Hue to tradition, tlie whole stmetiirc was probably raised on 
11 high base or podiimu fx^hsps to lift il above the inurshy ground 
common in Ronnin and Etnisean territory, perhaps bt-cautic the fin?t 
Roman temple had for some reason to lie built oTerhanging the edge 
of the Capitoline mount on a substrnrture built upon the hillside. 
Vitruvius mentions three temples* still standing in Rome in his day 
as siHML^iiuons of what he calls the old Tuscan order, describing them 
as chiiiLsy, heaw roofi.^h hnv ami wido/^ nud in anulher place ^ he 
gives his iisnal set of pe^hmtie rult^ for reprndueiiiig such templeH. 
Tiiese run to Eiome length* and are diietlF intiTt^tiiig liecsinse they 
Eippoar in the main to describe the nukHt important temple in tlnme, 
that of tfupiter Capitolinns* as it existed in Ids day—thnt is, as it 
was I'ehuilt by Sulla after the fire of Si^ B+ C., and rental ucnI until 
again deistroywl by lire in the faction fight tlnit ushered in ihc reign 
of ^'espasian in A. D. 70. Wo Icnru that the temple was not far from 
square an plain the widtli Ijciug io tlu' depth i\s 5 tu 0; that it Inul only 
one pediment, the back of the roof l>cing hipped; that the eaves were 
very wide: that half the dejith of the temple was taken up by the 
poilico; that the eella^ which occupied the liack half., was dividid 
into three in width j that the columns were of pseudo-I^orio chnnictcr 
with luises; and other interesting pailictilars* Vitnivliis specifies 
wooden architi ftvest but does not say anything about the niaterial 
of the cohiniTi^ We kiioAV, however, from Pliny ^ ami the i^eriean.hes 
of Penrosej'^ that the shafts of the crolumns of (his particular temple 
were tailored marble muiiolilhs, stolon by Suila from the temple of 
01™pinn Zeus at Alliens. We kiiow% too, that the peiliiiieiit was 
crowned with a huge tcrrii-cotta qtiadri^, reputed to have been 
brought in ancient dny^f from Veii. 

Hut the temple of Jupiter Capitolinup, of which we thus get a 
fairly complete nnd detailed view* was not typical of the buildings, 
nor even of the temples, of tike later liepnbHcan j^eriotb was 
obviously j>eculiar* Altliougb it had been rehuili only nliont half a 
cs^ntury before Vitruvius wrote* a great conscrvjttistii had presided nt 
the reconstruction of a fane reputed the oldest and most sneml in 
Rome* and the light thrown ujioii it is chiefly of use In illnniinate 
what may l)e called the first [)eriiid of Roxiiiui architectT?res bt’ifore it 
came under the direct infinence of (irecce, or was stiniulated by the 
broader outlook, the new^ nsiiiireiBenls* and the wealth arising from 
foreign I’onqiiests and everdnereasiug conimerciBl sictivity. Soiiie of 
these Influences Iwgnn to be felt soon after 200 R^ C., U^tween the eiiil 
of the second Punic war and tlie final destniction of Carthage* Jii 
that period at lea^ three bofuUcas were erected in Rome to accom- 
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tncKlntci tlw Jiicrcojgng kgal business Eirising from her position as 
Miistress of nil Italy and sii7^rain of most of the known world, 'fhey 
were probably the first of the long line of public cUil buildings which 
distinguish Roman arcljitccture. Ik-fore their erection the Forum 
and the temples seem to have snlBced for all public businefs cseopt- 
ordinary meeting?^ of the Senate, which took place in tlie Curio, itself, 
however, merely an old temple enlarged for the purpose.'* Nothing 
remaim of two of these Iwsilicas, and even their sites are matters of 
comroversy. One, the Baailicii .Flmilia, is pictured on n coin, where 
U Is n^re^nted as a. sniall two-stoHed porticus of columns, roofed, 
but with o^jcn aides. Professor Irfiuciani Irelieves he has discovered 
its reiuainss,* Tlie earliest triumphnl arches — three or four at least — 
were also built in this |wrio<i; but again all wc know for certain of 
their appearance of construrtion is that they were adorned with statues 
of gilt bronze. Two more bridges over the Tilrer (there was alrendy 
one) were also built, one of which was reputed to l>e the first stone 
bridge. But. for some time the piers only wero of stone, the arches 
not licing added until M2 B. twhether from luck of skill, or Iwcauise 
there were superstitious objections to the use of anything but wood 
for Itridgps, ia not clear. Meanwhile many (trwk works of art and 
educated slaves were finding their way to Ilome. and after 14(1 B, C,, 
when Greece becivue n Roman pro^nnee, we are told that Roman art 
and liteintiire fell entirely under Greek influence. One could wish 
there were more evidence of live extent and effect of that intluenee 
on architecture, for the last century of the Repnhlic was one of con- 
aidernble building activity, and it would help greatly towanl a com- 
prehen-tnon of the laws, if such there be, that govern jircMteclitnil 
vlevolopment if wc hud but a few well -authenticated remains of the 
inanv old temples rebuilt, and of tlvc others and the public buildings 
erected in Homo ami eb»where in that century. But for temples wc 
have to rely on a single small example, tho so-called Temple of For- 
tiina Virili's at Rome, whidi, on the evidence of tlie building itself, 
is attributed to tliis time, probably correctly? and, for pubiic build¬ 
ings, on the so-called Tabularimn, the main evulenre for the date of 
which h a little isliaky, hut ia borne ont by that of the structure; and 
linally, the lower part of the theater of Marcellus, which was Ivegun 
by Julius Cttfsar. Of the Temple of Fortima Virilia (or Fortnna 
,«hiply) Ihvrtor Middleton says:' “ BTiat the real date of this veiy* 
intere^ng building may be it Ls impossible to guess, except that it is 
probably earlier than the middle of the first century B. C. Its early 
date is indicated by its pure Hellenic style, free from any Roman 

* Livy. t. »U, nnd XXII. ATj. 
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modification!^ (except pcrhop^ (ho fnnn of its p]ovAtod potlinm)^ by 
tljp jiWnce of any marhlc^ nnd by lU being mniiilj built of hifn, 
travertine used in h very sparing way, thuiijrfi miidi care mid 

labor have evidently been on the iionstriittion and dceonition 

of the building.” The temple is n very Htnall one, pseudo-perJpteral 
with a prostyle poHicOt nf tbo Tunic order. It was stucctied all 
over with niarhk-diiSst ceTnent^ in which all the moldingB and oma' 
merits were finislici]. The nmklings were cut in the stonts l>iit in 
the CMirniccj at any rate^ tlie Jitilslietl cement moldinga diHer in sevunil 
respects from the stone ones* The proptirtions of the plan nre Grci^k. 
the length being jnst twice, the width* Unt the ornaitienis of tlie 
friczc\ garhiiuis hung from candelabra and ox skulls, are civscntially 
Rnman. The attadierl columns un* only half i^lumns* The strung' 
e«t ilerng of evidem:i? for early date are the (treek sjmplidty of the 
moldiiigbL, the iiiisetiro of marbie, and the pniportinnS of the building, 
witli regiird to whidi the Romans, ii little later oiif were not in the 
least particular. The sparing use of tmvcrtiiic provcT^ nntlitiig^ as 
n mailer of fact it w^iis more spni iiigly uise^l in many biter buildings. 

The principal evidence for I be exact date wlien the Tabula Hum was 
erected is tin inscrip lion disen venal in the building in ITiiO* now nnly 
known from a f|iiotntioti imd winch Dnetor Middleton dest^ribes ns 
very vague niid puxr.lingp* Ibit its piirpctrt Ls tlmt^sulistructuros and 
a tnbiihirium were eicrted by Qiiimus Ijutatina Catiilim, who was 
Consul in T8 B. and Uoclor ftfiddkton'ii heaitiition nbmit it seems 
lo rt^st iiiiUifily on ilic fact that* ’wlnle many tabiilariaH, nr record onires, 
existed In Rome, this is not known to l^e one of them. It k not* 
however, known to have been ani^thing clsci it appears to be suited 
by iiosilion and arnijigeuicni to siich a piirjHisc; it has extensive and 
fronspiciioijs aubsttuctuii*i§; the ehnracter of the masonry show's it to 
be uf early date; and, finally, Ikjctnr Middleton liim^lf points nut * a 
very interesting fact wdiich appears to prf^ve conclusively that tlm 
faibstnictures, at any rate, were bnilt lietween 1^1 B. C. and alxuit 
6 A* D*—that is^ during the existence of thc^ond Temple of ConcorcU 
He sayg that the only part of the facing of the tabuliiHum wall not 
neatly dre^-tl is that which was concealeti by that temple, which can 
harcJly mean anything but tiiat the wall wii5! built up against it. 
Altngether the evidence of date is nearly wmchisive, iind far letter 
than in the case of the Temple of I^orttinii or any other cons[jicuoiia 
building except toml>s siipp^Kcd to of the Republirati period- 1 
have already described the vaulting* Tlie walk anti arches are all of 
very neatly wrought masonry^ with fine joints, mostly of the native 
tufa (probably the rock that wn«i ent away to make room for it), faced 
with the hurder pe peri no, in which the arches are of tnivcrtine. The 
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|j]ocks nf |)«perino lire nil nut to tha same siite—1 fwl liy 3 feet. Hie 
upper piti't of the stnidure winnistw] on the front of nn open nrende, 
and to have fwen oiht two atnrics high, though now oiilv part of the 
lower story exists, mostly built up iinO surmundecl by (itber building 
Ipl. Tlie iirp'hitectimil interest nf this iimnK* is that it is 

probably^the earli«?t. or the earliest extant, esamplc of the famous 
Roman facade, namely, a series of confitnidioual a reins iiml piers, 
like those of an afpiefluet. oniamented with a framework nf t*oliiiiins 
and entabliiturfei planted ugHinst tliem. It niay be the first attempt 
to endow a native nrehed struct nre with what was considered tlreek 
(irohitreinral gnire. 'i'lie engugi'd eolumns in this case are Dorie— 
the Kumiin variety—'and parts of the ni'chitravn still exist, but nil 
(ilwve that is gone. If llierc were riNiUy two stories iind the secimd 
had 1 on I e columns the design nuisl have Iwn very like wliat we have 
left of the milsule of the Theater of Murcdlua, only built straight 
instefl<l of cireular, and raised on a Infty basenient, Poinpey s Then' 
ter, the first stone theater in Rome, built fill to ri2 H, C.. seems to have 
been similar. The Theater of Mareellus was liegiiii hy Julius Ciesar, 
but. as it was tint finished until U B. t!,, the works had probably not 
got very far at his death. Tt is too well known to need-deKrii>Lion. 
The u-iioU‘ of the outer wall is huilt of solid travertine masonry, us we 
are told wa« tliat of Pompey's Theater, ft was nil stneeoiKl over, but, 
as ill the ease of the Temple of Fortiina, the molciings are carefully 
cut in the atone lieJieath luul, except the iiniK>st molds of the iirebes,iire 
gwsl. The voiisaoi™ of the tircbcs are of great sise and nn ufciuvolt 
molding is worked on theni. One may. of course, haw hren formed 
in the stucco covering, but probably was not, for had it Ih^h in scalo 
with the heavy impost molciings it would Imve needed a core and 
would also have licen very ugly. I’hc siihstnictnrra nf the cavea or 
auditorium, much of which still remain, ran hnnily be coeval with 
the niitside wall: they may lie part of the restoration midertaken by 
Vespasian or of a later one. 

A goofl deal might ]ierliat>3 yet lie learned concerning the history of 
areliitcctnral dclaihi and construction from a critical comparison ot 
toinlw, and even uf sarcophagi. They arc more often dated by in¬ 
scriptions than hnildings, nnd very litllc liable to extensive restore- 
tion* There arc scvernl large tnmtM near Rome known to be of tho 
later liepuhlican j)erioil; for instance, that of Ca*cilia llctclhi, and the 
riirious Itaker's tomb, close to the Borla Jlaggiore, BoiU of these are 
built of wrought masonry with a backing of concrete or rubble, and 
were once covered with tlie usual hard stucco. Neither brick nor 
marble entered into iheir construction* The drum of CRwilia Sle- 
tella’s tomb has false V joints cut in the mafioury, and a frieze of ox 
skulls and garlands which seems charftcteristie of the time* 
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The most int^jrc$iing urchitoctuml fkirelopment m tliAi J* *st century 
of tJie Hcipubiic was the birth of a tlomestJc arcbitectiu^ |iro|jerly so 
ciillcdt Ji (lomeritic nrchiteclure nourished by the immense privuta for¬ 
tunes ^liich became common* The rapidity with which it i^^rew up 
may lie gathered from the difference lietween the state of affairs in 
125 B- C. and sixty or seventy years later. In (he former year Siilla, 
afterwards Dicta tort was paying 45^000 sestem^s—say JE25—tt year in 
rent,* which is said to mean that he was living in two roouis; and 
I^epidus, (he aiigiirT was called to order hy the cicnsorT for luxury^ 
iK'cauiH'^ he paid iwicc a?i much** At (he hiiter tinie Cicero^ U^^^ides bis 
town hoii^t which lie had paid a sum equivalent (« adxrtit £;^0t0tM>/ 
owned no fi'wer (Iiaii\ seven coun(ry ones—that. for his own 

and (hough we do rnd know" tlie exact numlK^rt? of tho bouses kepi up 
hy other rich Hieiij it is quite dear Cicero was not singular in that 
respH;t. Thri:^ houses were of imincnse sixe. Siillust speaks of them 
as like cities,^ and they wTre adorned wdtli marble columiL^ paintings. 
statiieS;^ and wmrks of art of all kinds. They covered large areas, the 
greater pari IjCiug but one story higli; moreover, even in Ronic they 
were often surrounded by extensive ganiens. One such hom^e 
changed hanils for fiftpcn iiiillioits of sesterce*—say £l32sOOO—^ 
which probably did not include the movable worki> of art. It is re¬ 
corded that as early ns ri2 B. C* CraHsiis erecteil in his atrium column'^ 
of the marble of Mount llymetlus Ti feet- bight which pieco of 
luxury Brutus tiicknaincfi him “ the Palatine Venus-*^^ By TS B- C. 
Tx^pidus was iLsing Kuniulian marbles not merely for 0011111111 :^* but for 
tbmholds*^ Marble slabs for lining walls seem to have Ijeen intro- 
I bleed rather litter^ in Co?sar’8 timen Before that, all w’ulls, inlemally 
ns wtII as extemally* were co%'cre<l wdth hard plaster and painted* 
No remuijis art> known of the large country houses or villas of the 
time; and the impossibility «f Ending out much abuuL (hem from 
the allu.s]oi:is in ancient literature may \-m judged by the various inter¬ 
pretations that have lieeu put UfH>n the fuller descriptions of his own 
villnii by Pliny in the next century* 

Ptis.sagf?s? in the sixth Ijcwik of Vitruvius iiyicate^ however, that 
country houses of the better class in his day did not differ materially 
as iiegards their domestic arrangements frfan town houses except that 
the peristyle was the first court entered, with the atrium beyond it, 
and that they had batlis and various farm buildings attached to tlieui. 
After several chapters devoted to describing private dwellings gen¬ 
erally, the scveriil apartments, and the mcxIiGcations of size and ar- 
nmgemenl re^]nired for different classes of owners, he euvs; But the 
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sanift thing? prc true, not only of biiildifi^ in the town, but also in 
the countr>^ except that in town the atHiiin? are usually next the 

n<l ifiibnrb? uniformlY tlie peristyles, then 


^trs, but in the country a 
at once paved fttrinnts 
having porticos around 
and looking on the 
pal«ei?tr:i? and walks.^^“ 

The object of the conn- 
try arniiigeinent was 
fibviously to get this 
view of the grounds 
from the common dwell¬ 
ing r<H:>m of the house. 

It would seem not to ! 

IiAve held at a hiter 
date in the larger villa? 
of the Im])t!rial jjerioch 
when atrium had Ix:- 
come less a dwelling 
room than an eatnmee 
lialL for riiny pays that 
in his Laiirciitine villa 
the atrium was the first 
apartment entered* In 
the suburban ’\'illa at 
Poinpeiij called the villa 
of Diomed (fig. l)f the 
ilescription of Vitruvius 
hold? good; for the long 
apartment, called the 
gallery, which looked 
ontn the terrace round 
the palaestra and to 
the countr)^ beyond, no 
doubt server] moet of 
the purposes of the 
atrium in a town house* 
though it? form differs 
entirely l>oth from those 
described by Vitruvius 
elsewhen^ and from 
others in Pompeii. Unfortnuately there 
building. For a wealthy man^s house it i 
tion, thouglt it is deixribed as tasteful^ v 
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otlitT Pomix^iiiin dwf llitig^ ihw ciin biirdl}^ iiccept it ua n ;Hipcitriiu>pn 
of the ispuciouH Hiid sipinptuoiis hubitatioos wo hear of cvoii under 
the litle TEoptiblic, 

III lib rlinpjer e#ipedfilly devotecl tn country hoiif*0P^ Vitruviii^^ is 
eviilenily de^iribing only wlmt wc ijlunild call fannlioiu>4^. Ho 
if[>crtks of llie ftevi?rul a^pocls and llie [irraiigcriHint of fnrni Iniihliugs. 
iitiililes^ kiteheiis, wine pi-es^ies niui l>alhs — ^vludi lie sayw should b*y 
pbccd so tliut tlipy can be muni alsti by tlic fonn hands^ And llien 
be utids: ^ If iKHnetldng of luxury h to he iutrtHhioed into country 
they are to fxi built nccordiiig to the proporlions tbat arc laid 
down Jit>t»ve fur those in towns^ on the fixed condition the}' are to Iks 
iiO iirrunged to l>e without iiU|H'diiiicnt to country In 

Dioinctrs villa thb port of the priihleni fiieeni!^ to have iM^tn solved 
by putting the fnrni buildings at lUe side of the bntnic+ separuted from 
it by [i nfinxuv courts proliably as a saff*guard nguifL^t fire or noise; 
and one may take it that in a gentletiintfK villa some sueb nrmngu- 
meiil b so obvious that it would Ixt the tLSUal one. Of tbe better class 
of Uoniitu luMisc at the eml of ibc I{c|jublic, tJiat the sepnraile lioiuie 
of llie wen Irby railed a doiiiiis^ as dislingiiished from the insuk ipf 
block of thus inhabited by poorer folk* we can obtain n very dear 
idea from tlie descriptions of Vitruvius^ whicli ncevssairily refer to 
this tiine, Uicause they are illiisiruted by consideniblc remains of such 
houses Jit Piiinpeii^ These ngiw vciy closely w iib the descriptions, 
and many date no doubt, at any rate as ri'^gimis plan ftiid the lower 
parts of the walk, fi'oiu soon after r 4 B. C,^ wdicri tl^e town was 
Roinankcd and Umnie a fiisbionLiblu of ihr wealthy. One of 

Ciceru*H H^ven villas wna at or near Roinjjeii: he rails it hk Pompeian 
villa. It wunhl lx wearisome to rejieat the oft told names and ubcs 
of the vnrii>tni apartments of the Itouiaii or Pompeian housCi thoiigli 
a mtuparisfui of description with example h exceedingly interesting^ 
l>f>ili in itself And in the light it throws on the life of the period. But 
it may tie worth w'hile to i-epeat oure more that the Pompeian bouses 
are ciisciitiEdly Roiciani, niul not Greek in tlieir arrangenienLs^ They 
do not jigree with ibe roijteiu|>orar}' description of a Cireek houfK by 
\itniviiis- and the}' do ngri-c btirh with his description of a Roman 
Jiouse and with whiit has been discovered of the plans of houses in 
fSoniieit IS not wrv niiK'li, iiriforliintit^ly, Imt. niUnfimtc for llie piir- 

poiso of coiiipArihoii^ ^JiiotinitlonR i>f tlic liotifics cthr* 

tuhih' npppiir to owo wnnethiii- to Cirwk I'l't similar 

<jH'rj™tion Imii Wn foimd in Rome. Tht Greek namea which Yit- 
nivius t?ives to many of H,e ivi incipal apnrtmenls Uc applies to Roman 
houses geiicnilly [iiul fiot to timse tn I’ornijeii nlotie. If tlio [ircliitcc- 
ture of Pomju‘ii ow€« unytliiug to Greek mlluence it is the influence 
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which for si time JorumalAHl cill Rtnnuii art, and not bo due 
to the G™?k origin of the city, os has been ossiimc^l. Foni|>oii had 
crca^icfl iti be a (Ireek colony for many centuries lie fore it became a 
Roman miL\ uiid liad passed successively^ it is said^ througli the hands 
of ()sf>aiis^ ElrutiC’iins, and Sarnnitep. Tlie Greek tiuigne had lung 
been extiiiguLshcd, and any 01^4 blootl left in the inhabitants can 
have been neither hiifficicnt nor Hnfficieiiily important to itLHpini its 
arcliiLect ijia"!. 

If y<ni compare F^omjieian tuins with those of the itnmouse strnc- 
ttircs in Rome« the w^aiU seem to be but slightly built, but they are 
quite as thick or thicker than we should erect now' under similar cir- 
CLim^tJinccs- They are mainly of die so^^alled Roman concrete, really 
rubble. Many quoins, most isolated piers* and some walls are ai 
wrong}it luasnnn*. A certain amount of burnt brick b ilsef], e^fpe- 
ciully for palehing and in the upper parts of the niin*s It prcsbobly 
indirsifes work of the Impt^iid piTimb mid generally^ no doubt, the 
repairs ami re^toralions after tlie earthquake of A+ 63, before 
refernat to. Hint upper stories over parts of the houi^es ivere ooiii- 
iiioEi is sJiown by the cons ji Jem hie iiutjilier of ±itflirc:mes and tracts 
of stairciifies foiimb alLhough nif^st npiiear to have lieen of w'ood and 
many w niihl leave no trace. The smal! remains of the up[>or stories 
n^covered indicate that they were con>>1 riicteil witli w^ooden fniining 
and. pniiietimcs at least, overhung the footways. The existence of 
upper slikrics at Pom^ieii is inleresling IjHi^use a remark of VitruviiiH 
inigld have h^l one to siippose that in bis day upper stories were 
pei?uliar to Rome. He '“The immense pnpnlation <of Rome) 
makes it necessary to hove u vast nimdjer of dwellings* and ns the 
area is not enough to contniti tliem all {on the ground story) ^ the 
nature of the ruse obliges ns to raise' them in the flir.’^'* It hardly 
seems likely that all the np[>er stories in Pompeii woi^e additions sub¬ 
sequent Ui the time of Vitruvius, and one must siqipo^o he was rti- 
ferring OTily to an exceptiona 3 nui]il>crof slorii^s in Kome^ It is diOi- 
etdl lo giu«5S Itow many these were. On the one hand no I^itin author 
ever mentions more IIibu foiir^ and Juvenal^ a century after the time of 
ViinivhiH. spenks of the dw^ellings of the ]ioor in the fourth story 
under the rix>f^.’^^ lieside?N Vilriivius tells ns (lint walls next a 
jiul>lic wuiy might not be more than u fcMit and a half tliick.^ On the 
other hand Aiigiistus thought it nec^ssoty to limit the height of 
buihlings to 70 feet.^ 

■ vit^ IT. s, IT* 

^Jav. Sat, Ul l^Wet Bcq. 

^ vu., TL a 

W 2a!p. The lioiin^ Ift rartlin^i' n tico M was pire sRhl to 

nave been aSghl starli'a lilldi- 
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The only existing femnins of a houiie of Republican date in Rome 
ace tliuse of the so-called house of Lhia, under Dumitian''s pulaw on 
the Palatine. It euntained n small atrium with tlir niae formed by 
a long, riurrovv recesei on each side of the tahlinnm. and not in the 
position of those in the Pom]]etiin houses. The walls aiie of wrought 
masonry and the arches of stone voussoirs. I'rfim the plans of tiin 
three iioiiiies found on a fragment of the c?clcbrnti?d Maebki Plan 
of Koine, h woiilfl seem tlmt alne were not essential in the atriniiiA of 
the Imperial period. In two cases they are ullogetlier absent, and in 
thfi third they have been separated from the atrium and tnrnetl Into 
a sort of gallery by a wall built across it. Thewi are, loo, several 
cases in Pompeii where there *m* no alae or only one, 

A iitiinlH-r of uiiL-ient writer.'i distinguish lietween the ituaila. nr 
group of small dwcilinga, ami the domus or sejmrate house, us we dis- 
tingoisJi l.rlweeii a hinise and n block of flats, lint in Pompeii, at 
any rate, llic domiis as often ns not formed part of a group wliicli 
included habiiatlons of vnrioiis sizei?. The typical example is the 
insula called the hoiiiee of Pansa, where around the donrus an; 
grouped, besides shops that must have liecn separately occupitHl. at 
least live small houses, three oontaining some live or six rooms, nnd 
two of one room each nnd a staircase leading to an upper one, now 
gone. There is, tiesrides, u separate stnircase froiu the street, which 
probuljly Icri to other dwellings on the upper Jhitir, It is said that 
such an nmihgement would have lieeii iuiposHible in Rome, where I ha 
i ram lie were built four or more stories high, iiecuusc the light would 
have been shut off from the main domus. Hut with iaternnl courts as 
large ns the ntria and fterislyles of Roinnu houses, imd tlio little vnluo 
evidently attached to light in the bedchambers and other small apart¬ 
ments. there ran have l>eeti no such objection. It can only be raised 
to give the distinction between insula nnd domus too strict a 
meaning. No doubt many a domu.sin Rome and the siiburlis, asel^^'- 
wherc. was {in tlie language of the auctioneer) u “ desirable detached 
residence,'’ but probably many others formed parts of insula^, as 
in Pompeii, Shops on the principal street front. Iioth commuidfal- 
Liig W’ith the house and separated for letting ojf, are characteristic 
of the Pompeiuji houses. Those belonging to tlie house were nomi- 
iiiiliy for Selling the prtuliiee of country estates, and illustmtc n pas¬ 
sage of Vitruvius in which he says; “For tlioac, again, who have 
to deal with cuiiutry pnxhice; at their entrances shoji ificlosures, and 

Rinongthebuildmgs willare, granarLea,storiehomHa, andiioou .. ai-e 

to Ins made.” * 

The construction of tiw hou^ in Ttome must have made it a some¬ 
what unpleasant placo to live in. The streets must have been as nur- 
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row and dark as thorn in the worst of mediBsyRl cities The stories 
oterhuDg ono another, and^ in Addition, ha loonies projected sjo far 
that in some ca^ at least it was possible to shake hands acro^ the 
sireet. Even after Xero had enacted tlmt all ejetemal walls were to be 
of fireproof materials the upper stories continued to be of wood, and 
were so badly built that they frequently fell. One writer declares 
that people were driven out of Home by the fear of falling liouses. 
Many speak of the danger of tiles slipping from the roofc or thrown 
by persons in the upper stories. Of course bad fires were frequent. 
A verj" old law directed that two and a lialf feet should be left clear 
1 k! tween the buildings/ but it fell into abeyance and docs not seem to 
have l>ecn oljserved even after it had been reenacted by Nero/ Prob¬ 
ably “ vcBtcd interests ” were too strong by that time to be overcome, 

I will only add an apolqgy for referring so often to Vitmviuiij a 
writer who seems to me to receive less attention and respect than he 
deserves; from scholarBj Im^usc he wrote indifferent, or at any rate, 
rather obscure Latin, and from arddtects, because, unfortunately^ 
few show any profound curiosity to know what be saya, and conse¬ 
quently do not find out how interesting he really Js, 

^A Inw of The twelve tablea'^ See Festag^ pp, A, 11, M, 

“-Die, Ana., XV, 43. 
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THE TIELATIOX OF SCIEXCE TO IR^MAX L1FE« 


Tiy Prof. AbAia ^kugwick* F. 


Til nrt sting about for n suit able intKMhiHion for my address this 
iiftem{x>n^ I Came flcro^ fsime worth wrillcii by u great Englishman^ 
which I, with your permissioiij I will rend to you i 
Tt&nienibcr tho wliw^ for tlwy haw Ijibcftnl cmd yon are entering into tlielr 
lELtH>rR lessi^icL whli^h you lenmed in RchcHil, nil kftuwUMlgt' whtrti nilBca 

ycni aboTc tUr m«ise nnd XU^ urottSpitc—wl»> Sb but n ilrt?8sed in cIyU- 

imnl —hits Iriwn ritfinlp (PCESsIblo to yon )pjf tbo Every tloctrlae 

of ttteolttgy* ev€?ry muxtoi of erery mle of gmminBr. proewK of 

iimtheinjjtiesk every \»w of iiliyHlral aeleiiee, every fatt itf bJritory or of spwk- 
ni|>hyF wb(eli >«in nrv Oioght, ii voice frem beyond tlic ivmiu EULer the 
kiiowIeil},^o Itbelf, or other kuowiedee ^vlplch lt?d to It, Is an holrlwjnp to yoo from 
men wliose bodies nrc How uioEderlng In the dost, but wb*3?^ Htdrlla live forever 
jiiid whrjwe work# follow thtan, going on, KFimrallon Jift^?r tiencnitlon, nt»tt tbe 
1 (Hlh wlaleli they triinl whUe tliey were uEwn vortJi, tin' jHilli of uBefolnesn, us 
liglilH to the Btei® of youUi and Igiionince, 

'riiuy ure the stilt of flie earlhp which the world of muo fnim decnylng 

fcmek Into luirtuirlsm. They tbe elilhiren of light. They are the nrEn- 
locmey of find* into whTidl tmt mnny nolih-% init mnny r£eb, not nirtny ndgbty 
ore cnlled. ilost uf them Were t»or: nieiny all but unknown in their own 
timoi tnniiy dltnl nnd sfiw no frtilt of tbeir isdwjrs; flonie were persectiti'iU sonm 
were nialii an hi^ndScs^ KnnovBlnt^ and comiiitorti of yoiitb. Of mmo the very 
rnmes nro forKPilten. Rnt though ibolr imm™ N* doaid tbetr wonlB live, a till 
gnnv, iind Fj»rend over everj' frewh generation of youth. Bbtswing them fresh 
Kteti!^ towards thnt temtjle of wEsdom which Is the knowk^Jge of things as they 
are: ibe knonk^ge <if those etenuil InwB hy wLleli tiotl goverh* the In-aveua 
and the earEli+ tiiSnfis iemiM>ral nnd cternah phyRlLiil aiul spiritual. »eeu ntui 
fma«en„ fnno tin,' rise and faU of njlghty Diltinno to the growth nnd death of 
Dins? on yonder mw>rs^ 

Sci Hpake Clmrles Kiitgisley, nnd his words I mnke use of no in- 
trotiuction which strikes the keynote of what 1 Iinvo to say to you 
lO'dny. 

The subject which I have chosen for my addresd—^thc relation of 
pui-e science, and espcciully of biological science, to human life, 
and i liferent ill lly the relation which ought to exist between pure nud 

^ Address dellven^l Ut the Ipinerlitl College of S^lenee iind Technology oo 
nei’endjer 10, nei>riEitOik nftCF author^s revlulnp, from >*alure. I^jii4od+ 
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npjiJietj fit’ience in n CDl|i>jre of —is UBtnj'uHy of great interest 

Ui us in tlic Imperial College, whieli is n college of science ami twh' 
fiology, find tlio pitrposes of which nte, m the words of the charter^ 
■' lo give tlie liiglnst speciiiliKcd; itislruciion and to prodde the fullest 
ecjiiipment for the most ndvjiticed tmining nud research in various 
hranrhes of faience, es|>(;cinl1y tn rdtition to iiidustrj'.” Particularly 
du I desire to set forth us clearly as ] can tlie justification for in* 
eluding in it college which denis, not only with science, luit with 
science in relation to industry, those branches of science which deal 
with organisms. 

As liiiiuKiry forms the principal occupation of human life, and as 
llic phenomena of organisms constitute tlie seterme of life, it may secni 
ubsiirii set out solemnly to Justify the inciiiHion of the hioiogicnl 
sciences in a college wliich deals with science especially in its I'elation 
to htimjin life. Nevertheless, having regard to (ho fact (hut I have 
heard some douht expressed us to whether the cult of the biological 
sciences projierly falls within the scope of the Imjierla] College, it 
may not be out of place to Isfur llic matter in mind on this, tiie second, 
occasion of the prize giving of our new college. 

IMiat is the meaning of the word scicnci'? As in the case of so 
inany words, its meaning has hccoine confused by its partial applica* 
tion, i. c., by its appIi«ition to a part only of its contents, and this has 
often led to ii misappridiension of the relation of science and of the 
scientific man to life. .'Science siinply mentis knowledge, and to speak 
of HcieiUific knowledge, as opjxised to mtlinary knowledge, is to use a 
redundant pJirjisc, always supposing lhat we are using the word 
knowledge in its strict sense. Iliivley defined science ns organized 
I'omnion sense, by wliich. T lake it, he meant know lege of things as 
they are—-knowledge the reality of which can at ony time be checked 
by observotiou and espcrinicnt—for cotiimon setLse. if it is anything, 
is the faculty by whicli we arc ninrle aware of reality. Science is 
soinetlines spoken of as exact know leilge, hut I am bound to say that 
I tlo not like the phrase exact knowled^; it seems to imply an insult 
to the Word knowledge. Its use reminds me of a friend of mine who. 
wlicn he was otTcred one morning at breakfast a fresh egg, mildly 
n.sked, “ In preference to whnt other bind of egg? ” It recalls thow 
regrettable pit rases one so often beais;, I honestly believe, of I Lon- 
tistly think; one nntuleri how tlie people who 'make use of them 
usufilly believe and think. 

ft miist, f think, lie admit teci that science simplv nicans knowdcflge, 
and that there is nothing pwiiliur about tlm knowledge of scientific 
men by which It difiers from other knowietlge. 

.Scientific men ure not a class apart and dislinet from ordinary mor¬ 
tals. We are all Hcientifli: nwn in our various degrm, if this is so 
how comes it that the dislinction is so often made between scientific 
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men and iionscienlific men. between $eiejiti1ic knowledge mid iiou^ 
aeientific kriewle<lge ? Tlie truth appeftrs to Ho licre: Though it is 
tnie thiit nil men pos:^s knowledge, i. o., science, yet there are some 
men who niuke it their main business to concern themselves with some 
kind of kiifiw ledge, iiiul especially with ira increftse, and to these men 
the term scientific has been teebincaUy a]>ptied. Xow, the distinctive 
feature of tht=!rfe meiu iti virtue of which the term scientific is applied 
to them, ill that they not only posses^^ knowIedgCj but that they make 
it their bnainess to add to know ledge, and it b this part of their Ltisi- 
jiess, if any, w'hich justifies their being jdaced m a class apart from 
otlicr possessors of knowledge, 

Tlie men who make it their main business to add to know ledge may 
1 h‘ dividetl into two classes, jicL-ordiiig to the motive which j^piiCi^ them 
on: (1) There arc those whose immediate object b to ameliorate the 
conditions of liiiman life and to add to its pleasures; their motive is 
utility, and their immediate goal h w iUdn sight, li^uch are the gi'cat 
host of inventors, the piom:ers in agriculture, in hygiene, [ireventive 
mcdicinCs in social re form and in sound legislation which leads to 
social rcforiin and many other subjects. (2) There are those wdio pur¬ 
sue knowledge for its own i^ke wirliont reference to its practicLil ap¬ 
plication. They are urged on by the desire to know by w hat has bt?en 
Cftlleil a divine curinsity. nieso lucii are ihe real pioneers of knovvl- 
edgu:. It is their work wldch prepares the wsiy fiir the praciical man 
wlio watelii:^ and follows thernp IVithoiit their apparenlly useless 
iuYestigiitioiiii, progress lieyond the limits of the immediately useful 
would lie Impossible- We should have hrid no applied electricity, no 
spectrum analykii^, no aseptic Biirgery. no preventive medicine, no 
ana^lhetics, no UAvigation of the pathless ocean, iflometiines the re¬ 
sults of the seeker after knowdedge f<jr itB own siike are so imique and 
astounding that the wimle of mankind stands spellbound before 
them, and renders them the same homage that the child docs the tale 
of wonderful adventure; such is iho case with the work on radliiin 
and nidio-activily, wdiieli is at present fixing the attention of the 
whole civilisted world. Sometimes the w‘ork is of a hnnibier kind, 
dealing apparently with trivial objects, aitd ap|>euling in no way to 
the imagination or sense of the wonderfuh such was the work which 
!cd to and formed the basis of that grmi generalization which has 
transformed man s outlook on naturc—ihe theory of orgiinic i^volntioii; 
such was the work whic^h produce^l aseptic surgery anil the gnait doc¬ 
trines of immunity and phagocytosis which have had such tremendous 
results ill diminishing human [Miin. The temper of such men is n 
curious one; no material reward can be theirs, and, as a rule, hut 
little fame. Yet monkind owes them a debt wduch can never be 
repaid. It is to these men that the word scientific has been specially 
applied, and with this justification—they have no other profession 
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save thfil of pur^iii*^^ tur it^ own nr, if they have a 

profession, it is that of tlie leadior. which, indeed, thev can Imrdly 
tivnid, Oiigfht sudi nien^ workiin^ with such objects, to find a place 
in the Imperial College? 

It is a curious ihing, liut it has only c<imparatively rcccnily l»en 
renliKcd, that n sound and exact knowledge of phenomena was neces¬ 
sary for man. The realization of this fact^ hi the iiitalern world at 
any rqfc^ occurred at the end of tlie middle nges? ti vraa one of the 
intellectiiHl products of tlic Rptiaiasnncc^ nnd in this country Francis 
Racfsn was its first eximtient. In his 'S\dvnncement of learning he 
expinined the methods by which the incnMise of knowkdgi? was |>ns- 
sihie, and advocatetl Uie promotion of knowletlge to a new and in- 
fluentinl [losUion in the nrganSzatitm of human society. In !ifily 
the some idea was taught hy the great philijsiipher, Giordano 
Bruno, who held that the whole universe wne a vast mechan¬ 
ism of which Juan, and (lie enrth on which man dwells was a 
portion, and that ihe working of this mechanism, though not the full 
comprehension of il, was open to thi* investigation of man. For pro- 
tiudgnting tliis impious view Ixith lie and his iwok were burned at 
Itome in KfflO^ You will find the same idea cropping up conlinnally 
in the written records of ihaJ time: Copernicus gave it practical 
recogTihioii when he dctncwiFtrated the real relation of the earth to 
the sun, and it wah> thoroughly gra^iied by our own Shakespeare, who 
gave it expre-ssioii in the dialogue between Perdita and Polixenes in 
till? Winters's Tale: 


Tlip falrcet flewiTa o' the i^i^n 
Arr^ i>iir cnniathaifl, nuij aiUyTivrrt 

Whlcti BonieeaU nalure'ii liAaranLi; of tiait kitirl 
Oar rustle ^rdeu'a barren; auit t not 
To ulLiisi of them. 

WlnTt-fiirc. |:catle Dialdcu^ do you ui?^li5et them? 
PfTdliti. For I hrtvie heard it sold 
Tfu'rt' an art wlilch, !ii iholr |>l(Htac>sa, shares 
XVlitli crtallUE nnhire. 

IVftfcar*, Siiy tliifrr \w : 

Tet nntiiro la oaide better hy no aii'-aa. 

But aattire mnkoift that mean ; ihj, o'er that art 
Wblen you Any addit to natarcL lit qn art 
That aaltjre inahi«. You itec. sew^jut nmliL we marry 
A ]£<?rLtlejr iiclcui to the wildest stoek and uiake Wfieelre a bark of 
huM'-r kitiil 

By bud Iff Tinhler nieej ihis in no art 

Whk-li does tutud naiuTP,^^^ — ehuniEC It ^ath^>^+ but 

The art \s* nntiirfi.^ 


- TW« I* iiii lut.‘npe],r Jntort^tli.K f„r it lm .1 

IfraHiK^ IL<> Id™ cf nvvlntln.i. Hit ij*,. ih,t 1 » id tlint notuw contol^fl 

wUWH iMJntelf lilt Ptrtvei- o( iilturiDji or “meujim;- L.u.rfdt la 
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It is Dot difliciiU for m* though it Jiiiiy l>e dilHcuU to our ilc^scQrubntSg 
to uriLlL-r^timil how hsird ir wns foi: imu to jittiine hiiiL^lf to this now. 
this mighty coiifoption. imd the hiteUoctuiil history of the hi3t throe 
himtlred y-ears is a rorord of the struggles lo niiike it prevail* 

Trained througli long ages to believe that the heavens were the 
abode of the g^sls, who «>nstaiitly interferetl in the daily alTHiis 
of life und in the smallest operation of nature, it seemed to men 
impious t<i maintain that the eJirth wafi in the heavens, and to peer 
into the mysteries whieh snrtoiindetl them, and the endeavor to do 
so has lieen stoutly resisteih Imt llie contliet, in so far as it has Wn 
a ronfliet with pn*judiee, is now over. It vaniHbeti in the trininpiis 
of the modern views on the origin of man which will be forever 
awsciciated ivitli the names of I^itnarok, Spencer, ntid Darwin. 

The triumph of these views docs not mean that they are correct or 
that we know any thing more alxait the great mystery of life than >vc 
did lie fore, lie would be ii Ixdcl and a prejudiced man who made 
that assertion. IVhal it means is this, tbiit man is grown up, that ha 
has cast otl the intellecliiiLl tLitelage under ’which he lias hitherto 
existed, that lie has attained complete iiitellcHitiuil freedom, mid that 
all thingii in heaven and earth are Legitimate subjects of invi--,tiga^ 
lioin lint it meimHeveii more than this" it means that he Iwm at last 
come to n'alisse the true significance of the injunction of the old 
Hehri'W teacher: Fear Gcal and kt=?ep lii'^ commandments* fnr that 
is the whole duty of man; and of the pHalmi^rt when he soid; “ ^lake 
me tog^i in the path of Thy connnondmentSr for theiviu do I thdight. 
In ktlrpiiig of them there b great n^ivani/’ But in onler to keep 
them he must first ascertain what they are* and thiB he is determined 
to do^ so far us his capacities l?cnnit, by the only method open to 
him—thnt of minute ami arduous reseandu 

IjL't us hear then the iTonelusion of the whole matter. We claim for 
scienci* no It^ a scope than this* the discovery of wliat fiod*s ctuii- 
muiKlments ore. Some of these we olrendy know, for they have 
been linuded down to US in our sticnKl baiks nr have b'^n discovered 
for OH by oiir fon^fathers. To discover nlher>: is our whole duty; but 
the task is eiidlei’vH, sind lo the cud of lime man-s pmyer must ever 
be. ill tlic words of that npIciidLd old wdlecl now being read in our 
churciiCij?, Give ns grace that we may cast away the works of dark- 
nes's and put upon us the armor of light/' 

Itiereaectl hy iLe oiauatne Haefl at iVrJlta'B next Powell, la wlilch In Ijunnii,! ibo 
n^uleni doctrine tiait aeqiilrHl ctiaracters are oot iDlierlteO* for lie inakea 
PenUfii re^idjr: 

[11 aol lait 

TIjc dibble lu eartb lo set one slip of tliem j 
^"o more tlaiii were I twilutcil, I would wliUi 
11dN >oiil]fc Fbnnlil H were welt, aud oiily tlimfore 
Deifln? ic tireed by me. 
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\\ ** hoar u deal Jio^iviiiliiyf^ alKiiiL tise hunmmtief> mid th& 

liuaiane studies — ^tiia stutly of nneieiit elogarice und historic wis- 
floiii ■ — and 1 slionlc] be the Jawt to miaimife in nny degree the value 
and itiUn^ interest which is nttached to the study of the writing^ 
niid atlerEiisces of ihc mighty dead. They will alwpj's retain iin- 
d ini Hied their attraction and inspiration for man, and man will 
nlwaysr think with gratitude and iillectiori uf their authors; hut 
Surely the ]iijmanities consist of something more than tlie study of 
the wntJng:^ and philosophy of the aneientB. To Jiinit them to that 
is to take the view of tlia school men ^ the death blow lo which was 
given by Bacon and Bruno, 

Mo huve got lieyond that: we claim that the true siiidy of the 
humanities is a far witler thing—it is the study of the stupendous 
inechanisiii of the universe of which man forms a part, and the under- 
^tatiding uf wjiich is nectary for his liappiriesq?. That is the true 
huiiioiuty of which the other forma only a small portion. The time 
is coming when the principiil preoceupatiun of man shall be the 
grtkcliial discJosfcire of this mechanism and his principal delight the 
coniemplalion of its Iwauty. 

In spite of the work and writings of rucIi men ns Bacon and 
Bruno in the end of the sixteenth crnlury'. the progi'cs^of science was 
at first hut slow and the workers few. We have, of course^ the im^ 
Enortal urhievernents of Newton and IbirAey, and the fouriflation of 
the Royal Society, and the tremendmis outburst of scholarship as 
typified in thh? coimtry by Bentley and his coworkers; but the eight¬ 
een I h century wusi^ on the whole^ characterized by intellect ism I 
cpiiesceticc both in scientific output and in liferary ertnation. The 
(tuicscenco wag np pa rent rather than reaL To borrow ii metaphor 
from the gunlen, though there was little grow'th above ground, active 
root formation was going on, Liniiaujs (1707^1778) was at work lo 
Sweden creating tlie framework whicb reiuleml future work in 
botany and z/KiIogj’ possible; BiifToii in France was cautiously feeling 
his way toward a theory of organic evohitiozi; Henr_v Cavendish 
(1731-1810), .Toseph PriesUey (L7S3-IS04), and Antonie Lavoisier 
(174^1—17(^1) were laying tlie foundations of inoiiern cliemistrT: 
Albrecht von Haller (1707-1777), Kaspar FriederJck Wolff 
1704), and John TTunter (172S~17(^3), thos^- uf aiiatomv and uhysi^ 
ulo^'. The spade work of these men, together wiih the improvement 
of the microscope was for the great outburst of scientific 

mvestigiitimi whicli characterized the iiineteeuth centun^ Fshered 
m by the wr.ik of Culler S17G9-1S32), J^marck (174^^18^^) St 

^oltu ( l*4i.-lS20 Cur,lot (1708-1823), in phv:ii«j, it 
was adorned m .ts middle mul btter period by the names of Davy, 
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Ffirndfiy, Dalton, Araf^o. Kiclisril Owen* Darwin* Lyi;!!, Job* Miillcr, 
Aga.siib* HcJnihok^^f Slokew* Kelvin, iiiid ruMtenr, 

The advance of bnowlErlge Sts 3 "early 3>eromL0g more rapid; if its 
steps were alow and hesitating in the seventeenth nnd eighteenth 
centuries* and if it quickened to a rapid walk in the nirictecrith. we 
now liear the sound of a irot* w^hich at the end of tlie c-entnry will l>e 
a gallop, and ns the eenLuries succeed one arioLher its pace will become 
ever faster, ’l\liere will it lead us and whal will be the upshot for 
man f 

But it ia no part of my purpose tonlay to give you an hbtorlcal 
sumiiiar^' of ficientifie progress. The point I wish to illustmtc is the 
vast increase in the scientiiic army and in the k'-shUs aehieveil by them* 

My thesis is that pure researdi into the sequenco of natural phe- 
ncmiena is in itself of the greatest importnnee to the progress and 
Avelfare of hninanity, and that n great stHtrsniun cuil have im higher 
aim than to solve the problem of how it may busst be fostered. To 
w^hat extent ran stirli a thesis lie justilieil by experience? 

I migliL begin by examining tlie origin and progress of our knowl* 
etige of what is called current electricity^ to wliich modern life, from 
H material point of view^ owes so much, Tn illustration of what we 
owe to workers in electrical science I need only Jiienlioii land telegra- 
phy^ oc&iifi telegrapby^ wireless telegraphy, tdcphoiic^i, electric lights 
electric traction, and our knowle^lge of radio-activity. The history of 
this seierjce forms perhaps the ItoI example of the iinix^rtance to man 
^>f pure+ apparently useless, scientific research^ for nt every stage of it, 
from Galvapis original obsen’ation through thp discoveries of the 
Sw^ede Oersted and of the h^renchmaii Amp&re to those of our own 
Faraday and to the tbeorctkid admubnitions of Clerk Maxwell and 
to the researches of Crookes on the passage of electricity through 
vacuum ttibes, we meet with the investigation of pbenotneua which 
were apparently perfectly usidi^s, and which to most practical men 
must at ihe time they were made have appeared as little more than 
scienlifie toys provided by natiii'e for the hannless ainuHcmenl of the 
queer |>eople who meet in the rdcuiisof the Royal StMrIety and such-like 
places where unpractical oddities report. And y'et I ask you to reflect 
upon the astounding results whicli have arisen from Galvmil’s ob¬ 
servations made to dlse<>ver the cause of the twitching of the froga 
legs^ and of Faraday^s discovery of induction, and to indulge your 
iniaginalions in an endeavor to prcflict what may issue for man from 
Onxikes's investigations of the glow without heal of the vacuum tubea. 

But f have ncitlier the knowledge nor the lime lo dwell tipun the 
physical side of science* As in private duty bounds 1 must devote 
the short time at my dh^posal to examples culled from the biological 
sciences. 
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The|;:i™t rivndimfln,, Pasteur^ in mnkingii llLuroiiirh exj^tminntion 
of the process by Tvbich aleohnl was obtained from discovered 

the [>nrt playinl by the or^ifcb[ii known ns yeost^ nnd established the 
iiJen of orgtini^ed fertnent iKxlies. He extended his ohservntioris to 
other rniero-orgaiiisms, and. in conjunction with his eownrlcers, 
amouj,^ whom must be included tVtose who were lcH>kiiip into tlie 
quest inu of the spontanemis gnuicrution of living mat tern, definitely 
gave iiH the iilea tiint putrefaction was aiiised by miero-orgranisiuH 
nrliiig upon orgurdc iiinttctj tlnit thcsc^ micro-organ isms are eapable 
f>f n^istiug drought, nnd wheu drieil freely in the air and are 
flistribiited everywhere. \\T:ien they fall ii|>ol ii suitable materiai^ 
their Autal activity is resumed, and the^' increase with incrt'dible 
rapidly and set up putrefaction. It was reserved for iJur dktin- 
giiislieil count rvimin* Ijisicr. then a surgeon in Kdinbnrgln to recog¬ 
nize tiie ijiiporrauf^e of ihen^e discoveries for atirgery. Knowing of 
the researches of Pasteur and his fellow-workers, he coneeived the 
idt-u that suppuraticpii was due to piitrefnctjon in the organic matter 
of the wounds eauseil by inicn>c}rgimisms^ Actiitg on tbia, he intro- 
duml his method of aiiti.^ptie surgery, by which hiw name has Sl^eell 
rendered immortab I think we may say limt no single application 
of the revolts of pure resenreh has flniie more to preserve hiiruan life 
and to diminish human spilleriiig than this linking up by Lister of 
the ptitrefjiclicjn of snppuratiop with the wru-k of his predecessors 
on the effects of the actions of micro-rprpiinistns upim organic matter*^ 
It is well to notice, in passings that this discovery of Lord Li sterns Ib 
n gcMHl iliusLration of the ditheiilty w'htch the InimLin mind has of 
eonciuving even the simplt^t new idea. To tis, now, how simple 
seems the step which Lister made; yet theri' wei'c thousnnds of sur- 
gmiis iti the world who failed So make it. though they were cniitinu- 
ally dealing with sujipiirating wounds and w'ondering why they 
suppurated, and when it was made it waa stoutly discredited by many 
fjuilo able men, 

I iiuirit now tnm to another subject which isdosely connected with 
the preceding, and well illustrates my thesis thnt pure scientific re- 
sen rclu without referenec to pmetlcal utility, is of ihv highest im- 
jx^rtance to mankind. 

It will iloiihtle^^ have occurred to many of yon to ask the question, 
JloTiv is it, if tho oil- contains ilouting in it the dried spores of multi- 
tiidinoiis micrn-f>Tgnnisnis which only need a suitable medinni for 
their development and increase^ how Is it tliiit (hey do not obtain a 
lixlgment jn the healthy animal liOily, which one would think offers 
all the ennditioufi necessary to their growth! It eiin ensily lie showm 
that the air W'C tireathe, the water wc drink, the food we eat, every¬ 
thing that we toiielL swarms with these microscopic crentinrs. tliat 
they eater our lungs, that they germinate in our occur 
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ill couatleiS numbers id our aliniotltury cnnixB, in sliort, that they 
are fouii<i everywhere on our body surfaces. How is il tliut they ilo 
not jiim-asc and turn our orpaiis into a seething mass of putrefying 
corrupt ion y One would espeet that even if the skin and the mem- 
brane tnumdinp the internal organs to which they obtain entrance 
iiu-iirml I lie slightest h'siciti. even a pin prick, tliut they would have 
been able to enter. We know that after death they at once uhlain 
complete dotiiinioii, and we therefore infer tlial in life there uiUst bo 
some pnjtcclivc mecliniiisiii in the body capable of dealing with them. 

'llie diai'overv' that there is such a iinahanidin was made in tho 
early eighties by the distinguished Russinn JSfXjluglst Elias Jletschni- 
koff'. though the need of its existence was not recognhieti by biologists 
ill general until later. The resnlt of this was tliat his rcmaikabl* 
discoveries were lit first poob-poobed and diucredited by luany. Init 
ultimately they gained acceptance, and their further development in 
his mvii linnd and that of others has wrought a revolution in the art 
of preventive luedieine. 

'I’he Tnecbnnisin consists of tJie sinuil luuu'boid cells foimd in tho 
blood, lymph, and body fluids generally, and i-alleti kMicixiytca, or 
white lilooil corpuscles. Though long known to exist, very little iiad 
been ascertained ns to their function until ilelschnikotf, working at 
such remote subjects lis the einbryolng\- of sponges, ihe structure and 
digestion of polyps, the bloml of water (leaii. realized that these stiiall 
ainu'lKi-tike cells, which exist Ln all organisms, actually swallow, 
digest, and so destroy lanail foreign btxlies whicli have invaded the 
organisms. He called them the phagiurvles, and all his subsequent 
work has been directed to the elucidation of tlieir iiuale of uition. 

It is to Metschiiikoll's work, prompteii solely by tlie scientific 
spirit, tliat wo owe our ktiowkslgi* of phagocytosis Ifiid ihe great 
thetay of immunity which has proceedeil from it. It is LUipossible 
at the present moment to rstiinalc fully the value to man of Met- 
schnikoff's discoveries. Suffice it to say that they hove already led 
to importent practtcnl results, and have revolutionized treHtiiieiit. 

I must now turn for a motnent to another subject of the greatest 
importiuice to mankind, and one which has been brought into notiw 
by the resimrclies, perfectly useless so far as our material welfare is 
concerned, which were underlakeii with the view of eliicidaliiig the 
great question of organic evolution, I refer to llie study of genetics, 
which deals with the question mainly of the transmission of tho 
properties of the organism; but it deals with even a larger suhjwt 
than that. It looks into and tries to determine the laws which 
govern the origin, of the characters of individuals, whether plante 
nr animals, whether those eharaeters have Iwen ncqnireil by inheri¬ 
tance or ill some other way. The subject is of the utmost interest 
and practical importance to toan from three points of view. It has 
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a bearing on phitosophv of a ino:^t important and far-reaching kintl 
through the theory of organic evolution. Tljnt tlieory largely de¬ 
pends for its jiroof upon the Bciencc of genetics- Secondit has a 
most iiii|>ortant bearing upon practical questions ntfectinc breeders 
of animals and raisers of plants, and also upon man hinisctf in ^^n- 
nnclion with prurtical kgislatiuti. This hriisgs me to the third pointt 
in which this subject spt*einUy ap^^eals to us. and that is what I may 
rail its bearing upon ethics;. This is, of i:oiu>e^ clcie^ely connected 
with the last. 

^\'e are constantly confronted with questions in which we have to 
think, not only of the ndvant^igc and happiness of those alive at the 
present moment^ but also of those not yet tjoni who vvill iuict;&ed us 
on the earth. The decisdon of these questions is one of the most iiii- 
[jortnnt and burfiing subjects w'liicli can be put lie fore Tliey often 
crop up in legislation, and yet we an^ quite unable to unswer them 
because of the very little knowledge we jiossess of the laws whicli 
govoni the tTansmission of ch ante ten? from generation to genera tiniu 

The interests (if future generations often ai>pear to be in conflict 
with the immediate pleasure and happiness of the living, and we are 
confronted with the question whether we ought to give way to our 
DW'ndiiiniane and benevolent feelings »r whether wt ought to set our 
teeth and deal riiLlile^ly with a number of jieoplo who must appeal 
to our pity, lest by saving them from elimination we should bring 
about an increase in the unmlaT of people who are imiible to hold 
tlicir owiq and so weaken the tint ion and increase for the next genera¬ 
tion the difficTilties which we set out to cure. T do not pronounce an}' 
judgment on these questiniiH; [ merely w'Ldi to emphasise the im- 
iiientie, the transcendent inifMirtanct^, from the hiiman point of view> 
of the inveffligationH which the study of the question of evolution has 
cmisetl biologist to ciirr}=' nut into that most difficult of nil subjecte, 
heredity, and of ubt nil ling clear ideas upon the subjects Th<se, I 
admih aiT eleincolary cxcimples^ and prolMibly fatoilinr to of 
you—and they might be largely added to from other branche* of 
35 oolog}\ such as entomologyj marine fauna^ and physiology^*of thn 
grait pniclical arhicvenicnts whitii have followed from the recogtii- 
tion of the fact, possibly apprecioted in some ancient civilizations.* 
but in modem times first understocHi by Bao<ui mid his compeers. 

*Tlien? AY^\ a A In wf^W kiif»trn. niOlcciiliam Ui&l n'flpArrli Into naturnl 
nonaeoq. waa pmctlecxl iiad ct4toetniKl tn sonse ancient cIvVIl^jitEoii^ wMeU have 
l:?ecn [1i*«troyftl by the tumnd of Nittiarlana or hy otLcr enusea^ Oae of ttie 
moirt slrlltlns of tbrae luOEciitlonA la the mconl In out the aacreit books nf 
the HUiOua wlilcli mn itot tip than year* old, cinil Xr probably much 

older. tMt mbrirtl feiers &rp dlmcUy cflueed by the hlte of nioftnuitoes. 
AtteijttoD waa tirat 4lrecteU to tbia record by Hir H. A. BUikc, t5. Ch M. G,. th 
inosi, while he waa i^ivertiar of OeyJim trlde Jonraat of the Ce^laa Hmuch 
of ihc British Medical Asaoclatluiip veL IS. Ft. 1000]^ 
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tliQt na til ml phcnoiiwiiu ure ifi thcmsiolvi?^* nnJ without rof<?ni>incfi to 
iiuniedifltc ntilitVi projwr subjects of mun’s inquiry, and that all 
progru^s muM: Ik? Im^eil on their thonni^h and accurate iuTestigation* 
The genesis of a new idea is so difficult, and the amount of work 
neceft?ary for its complete ebicidaiim^ and development so vasl and 
detailed;, tlmt many eminent mem taking only a short period of time 
and not renlis^ing ihu minute steijs by wlueli the arhance of knowl¬ 
edge takes place, hare been led to doubt the ml lie of scientific iiix'eirti- 
gation in the higher realms of pure knowledge, even to the extent 
of sp 05 iking of the bankniptcv of science* Others, again, ]>ereeiTing 
the apparent aiuilessness of many investigations and undervaluing 
the motive which urges theni on. have come to look with a certain 
coiitetn|it ujjon the man of pure science and his slow and plodding 
progress. What is the gooil nf alE this work ut nnimjwrtant details? 
What do you gel Out of it, and what pleasure do yon find in it I they 
ask, and when they are tnld that the humble worker iisnnllj gets 
nothing out of his work except the pleasure of doing it^ and that 
his motive is nothing more elrvuteil ihtin the Btitisfaclion of his 
em-insity, there does appear to lie, it must be admitted, ^^me justifi¬ 
cation for the contempt lions imlil!ereiice with which the poor re- 
<^archer is regarded by a considerable seel ion of ilie population, as 
is shown by the almost entiro aWnce of support of pure Kcientific 
researrli on the part of the Gmcmnienb With the exception of an 
nniiual grant of £+.000 n year given to the lloyal ^^uciety, T think 1 
am correct in stating that the (tovernment aifonls luinlly any sap- 
pv^^t to science stive to such as is concerupfl with teaching or with 
siime practical problem; and when one remembers the composition 
of governinents and the manner iu which* and the rt^usons for which^ 
Ihey are chosen* one eni] iict imreservetlly blame them for this alti¬ 
tude, The t>est Jiiellual of fostering research is a difHcuU problem, 
and I ctin well understand that a modem dcuiocmtic government, 
depeuditig as it dtjcs upon [mpular support, with its attendaiit popu¬ 
lar mandates, should =hrini^ from drilling with it* To do so woiilil 
bring them no popularity mid no votes, and too often they are not 
really aware of its immense inijwrtivnc.'e to human progress, and when 
they are they have great difficulties to face* 

For it is inipo^siblo to orgatii/^ rii^sciirrh on a commercial l>as!s. 
‘*A1I attempts,’" says Pit^fessor Xichols, ut Cornell^ ii machine- 
made scient-e are diamied to failure. No autocnitic organization is 
favorable to the development of the scientific spirit. Xo iostituliou 
after lire conimerfdal uioilels of to-day is likely to be generously 
fertile. You can I'ontmet for n bridge accoi-ding to specificfttions. 
No one, however, can draw up specifications for a scientific discovery* 
No cue ran contract to deliver it on a specific day for a s|}ecifietl 
price, and no employee can be hired to produce it for wages niccived-’* 
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This it is impo^ible to gut tlte public to understand even when it 
hits undergone the process which we cfiU education. You may estsib- 
Ihh paid posts for scientific research, but you cuti not bo sure that 
ynij win get reseorelu for science is like the wind that blowclh when' 
it Ustetii, and that is what our ediuTXted public do not like* They 
want soinething for their cash^ and they will not wait. 

Even those wlio are aware of the intnicnse value of pure research 
forget the fact that the aptitude for scientific investigation is us rare 
m the gift of poetry, to which in many respects it is nlliisL for iKJth 
[ire creative gifts* rare and precious* They forget that St is impos- 
jiible to ascertain wilhout trial whether u rniin possesses it nr not* an<l 
that this trial ir^ti only be made when he has passed his student days 
and looks to snpfHWt himself by his own exertions. To provide for 
this support money is needed* and studenljihips must be eiitablisheil 
in considerable numbers, from ihe holders of wliieh tlio^c who show' 
that they possess the gift of research enn lM^ selected and promoted 
to biglicr ps^ts in wbicli their gift cun find full opportunity; but wo 
want more than this—^we want comiwnsrttion for those wlinm we 
have encourugecl to make the trial and who have failed to show that 
llicT t}0&?cfis the gift, and nti outlet by which they can emerge and 
find w'ork in practical life. 

This has been and is a dltfieulty in all schools of lienee* for many 
are called hut few are dioseti. The situation is this; It is dc^^irahlc 
that a large Irndy of able young men should lie encouraged lo take 
tip scientific research, but as experience has aliown that only a small 
tm>tx>rlion of them wdl posit\^ llie qualities by which success in re¬ 
search can be attained, and as it is undeainiblc lo encumber ihe prt>- 
and the liternture of science by a host of workers who have uo 
i^al capacity for research, it results that a time will orrivc when a 
great proportion of those whom we have encouraged to give some of 
the liest years of their life to this unremunerstive work should be in¬ 
vited to find other occupations. What h to be done? We can not 
throw them inio thestrMt. Some compensation must be given, Tliere 
are two ways in which this cun be done. One is the system of prize 
fellowfhips, which has for long been in vogue at the old universities, 
and which it has of late been the custom of those who have not reaUv 
studied the matter to decry. Nevertheless* it is a goorl systerri, for 
it proritles an income by which those ivho have given some of the 
l^csl years of their life to this trial of their capacity can support 
themwives wliile they qualify for taking part in a practical 
profession* 

A prize fellowship ^stem, or something like it^ is a necessary 
iiccom paid men! of a university which induces a large number of young 
nwn to follow for a time the intellectual life; it octs both as an in¬ 
ducement wnd a compensation, and it would he a mistake and nn 
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injustice, in my opinion, to alwlisli it j but tlictu is iinother way in 
whtt'b tJic dilHculiy t-nti Iw met. and that is the wny whioh has i«en 
adoptiti hy the nise ant! farsoeing founders of the linperin] College, 
namely, hy the combi nation of a school of science with n school of 
technology. If yon have inonrpttmted in your school of science a 
school of apjtliei! science, and if you at the same time take care tluit 
none but able men are iiIIowkI to enter the research grade, and if yon 
establish, as you must do if you honestly work your school, a con¬ 
nection With the great indiiPtrial interests of the I.■ol1l0try, you huvo 
ttll that ia nect'f^ary for the disi>osal of those men who, for whatever 
reason, find themselves unable to follow a life of pure science. .Vs 
is well kii(»vn. the faculty for pun-, spiiarently useless, research in 
science is often jxissessefl by men without any ii[>titi)de for |iroi.‘tiiui:l 
upplicatioii of science or diwire of praiiicjil success anti the wealth 
which practical success brings, w hile, on the ct}ntniry, many minds of 
the highest onlcr cun not work at all witlioiit the stimulus of the 
tiiouglit of the practical outcome of their Inltor. 

In our college there is room Iwth for thosie wit It the highest 
gifts for purr scientific research and for those with the inventive 
faculty so iriuwrtaiit iu the arts, or witli the know ledge and ability 
for coni rolling mid orgnniTiirig great industrial enterprises; and, 
wliat is iiiiire, llir combination of the two tvjics of mind in the Hume 
HChrtol can not but be of I lie grentc#-! advantage to l>oth. not only on 
account of I he atmosphere wbieh will lx- crealed.so favorable to intel- 
loc-tiiid effort, but also because goo*! must n-sull from the contact in 
one school of minds whose ultimate aim is to probe the mysteries of 
nature and to nniuire coiUroi over her forces. 

As l^rofcssiw Nichols has well said in piuntiug out the dejtetidcnce 
of technology on science: 

nic tilrtorj' of iccLociusj' fbuwB Ibai the e^seeHal cenitmon under wbich 
useful applicatJiais lire Ukelj- to originate la wleatlrtt prmluctlvcnwsK A COua- 
tiT that tas niino- Inrwtlsntnts will Lave manj- liireiitors rtlwi. • • * 

Where iH-teucc ts. there will Ua luF-Hfraluct teclinoloj^ be alsn. CommuDltlca 
bavlui,’ the iiwst tlicrouiih, fuiitlamcntnl kiunvliaJ)^ of pure aclciice will ahow 
the lirwUi-st nuitiiiL of really pmctlcnl inventloiisi Iieoplea who got tliolr fcnowl- 
oiljtc at aecoDil buml utuot be content to follow. Where aound erlentlflc con. 
ceptlons Afo the cntnaioa protKrtj of a nation, tbc wnittefiil efforts of tbc half-^ 
lnfoTKu>d will be lenat prevalent 

These ai-o sound conclusions, and experience has shown that if tho 
terms are interehanged the snme remarks may be made with equal 
trulh of the good influence which results to a school of science from 
its a.ss<iciatioii with a school of technology. 

lie fore concluding, it may lie well to say ii word us to the origin of 
the great imperial institution in the interests of which we an? met 
hei-e to-dav. It may justly be dcscrilied iis the natural and necessary 
outcome of the scheme for scientilic instruction which was originated 
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by til lit gre^flt Prince whose nieinorbl stands n(^ir the end of Eadiibi' 
tion iTmtl, and to wboin science and art in Kni^Iand owe sso hiucIl 
lie iTtTiiiiie<1 u drew in wliich hh untimely death alone jire vented him 
fri>in realiaiing. ITsnl he 1i vetit who can Mt a Ijonnil to what he would 
liave Mchieve<l for science mid educutioti in England! It is a mn^yt 
happy cit'cnnitrtaitco llint the final stages of the realistation of that 
ilreHiii should have lieen eiiteml nimn in the i-eign. and have reii^ived 
the symiirithy. patfqiiage, and active support of Ids great son, our 
liiost gi'acions Kiiigt '^'lio is working in so many directions fur the 
welfare and hiippiiiess of our race. 

'lliere is mu* further point 1 must touch npoti. In the few remarki^ 
which 1 have liad the honor to make to yoii, I have endeavored^ how¬ 
ever inifXH'fectlvH, to nnlxidy in words frertaiii thoughts which hear 
ii^>on a gnaii siihjtM:'!, 1 lliarik yon fur the patience with whicli you 
have lieaixl me. Whether I have produced the efT-CHCt t desire 1 know 
not, but 1 know' this, that even if 1 had the timgue of men iiud angels, 
no ivords of mine could have been so iipt,t^ exprej^iive as the magnifi¬ 
cent deed of Mr* Olto llril recorded in to-dny‘ti newspajiers,* It is 
impo-ssible for me to pass this over in silence* so closely i-s it connected 
w'ith the subject of luy address. 'Fhei'e are twe^ ways of inanifcstiuff 
thotiglii^ by word and* by action . Mr, Ihnt has choi^n the latter and 
far more effeteive way. \Vq can only express onr respectful admira¬ 
tion and gratitude for his gcnetcis:ity, and onr lliunkfnlness that a 
man shonhl exist among ns w ith the ijower, tlie iusighlt the true 
humanity lo do siueh a splendid deed. 

«»It \n%ii ttiuioiai™i In the Tlaies of Dcet^inln^r 10, llMXl. tlmt Sir. Otto Holt 
liail lElvffn llii* prtim of f^lfp.ooo to n naoibcr i>f fellowstihw uf tho nu- 

unal MiUu- nf flTfO. tbtt LoliVera of which woold do vote taeui««lv^ to medical 
roiivaivii 111 nil Its brauciica 
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St^rcelv t%vc^ ijipiithM liftve smce tlie With woritl pf the? bliml 
wftfi L^ii fptp. TKev L-elebrEitutl I he centennary nf the birth nf lAmh 
Braille^ who h. nmting the blind, the ohjccl of great veiienitioti ±md 
deep gratitude. Blind hiniself from the age of 3 yearj% profc«?sor 
after 1^8 at the Royal fn^titiition for Blintl Youth, where ho wofs 
educated, ho devoted his thought's and his entire life to the nmelio- 
nition of the lot of his unfortunate pan Jons, and it is to him that 
they owe the tnelhod of reading and writing w hich is employed to-day 
throughout the whole worhL lli& memory is not less dierIdled than 
that of Valentin Hiuiy. Although Haii}*' conceived the idea of in¬ 
structing the blind, Louis Braille discovcrec! the moanj* hy which this 
could Ue made to Iwar fruib^ 

Their united efTorts have Transformecl the life of the lifmd. Ifefore 
their time only a few' blind ]iersoiis who were in favorable cin iim- 
stances s-uccoeded in developing their fneulties- To^ay all are invited 
to take advantage of intellectual ciihurts »h may lead a useful life in 
society. In Hpite of this traiisfoxtnation, the prejudice against hlintl- 
nesfi cicists everywhere. It gives plact* Imt slowdy. lu nearly nil 
minds the word blind ” iilways evokes the i^atiie pit to bl a and fuhe 
image. The first iiidi nation is to ±tUp|)ose that belli nd these sighllor?s 
eyeF, this lifeless cunJitenatii.-e, everything is ^Ju^et—intelligence, will, 
sensations—that all the faculties lire torpid andj as if were, be- 
n urn bed. Furtliermorcs habjtuatcil as are thofse who can see to tio 
nothing w ithout the u!?e of ilieir eyes, it is ipiite natural that it should 
appear to them that if they should loise their sight they would at once 
b^omo incapable of any activity. It is not easy for them to imagine 
that fht- blind, deprived of the resources of sight, find In e.vchange, 

"TratislatwiL hy f^eriulaglon, fmfu ttevuR i}&n lietn (rarlF^t of MnreL 

ir^ The author, Mr, lost hts when 44 yf-ars olJ. 

^ rcc>}ninlLnp: XlilfititEo ElaG^p I^ula BmlUe, aad the Tuf^tltiitloa for BUaU Vonllj. 
»ee the articles lailili.^httl hy l>u t-'amn la the aimilsens of the Itevui! 

Oes Deux Moaili^s for .%prtl 1G| and MaivU 1,1S84. 


im 
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in the remaining stiitjcs* othet^ ji<?^lected by ihe greater part 

of niankjiKl whom ilie prodignlity of natiitf^ rentiers hmlless, but 
precious to those who know how to make them fruit fill. They 
Ignore or forgot tlie fact tlml lioncfiictorB have invented special pvoc- 
ci^sics and methods which enable rhe blind to Jiminisli the gulf 
which blindness has fixed lietWE?en them and others. The world at 
large regards the blind tuari a$ a peculiar l)eiiig and n stronger Lu 
ordinary life. Contact with an adroit and distinguislieJ blind i>crsttn 
sometimes abolishes this iil>stnict innige^ but it soon relunis again 
and triumphs over c<>nlnnlictory exi>erienccs. It is perhaps neees- 
san' to lie a.ssociatefl with blind |)eopIe fur a long time to lie fn^ed 
from it iiUogcther^ aiidr after alh Uu^ is iiaturul enough when one 
euiisiders how nicthudsof action simong the blind differ from thejw of 
jtersems wdio have their sight. It is diOieult to perenside oneself thid 
in juTpetita! obfk^urity uur faculties can develop witli perfect fn^edoim 

If wc iuid to do here nierelj vrith uti uiiiin|}ortant psychological 
error, even then it would be of interest to note iL But it has grave 
ci>jise<[Uences for the majority of the blind—mitsicians or piaiiu 
tuners and ivorknieii of all kinds, wJiu endeavor to gain (heir liveli- 
hoonl hy their lal>or* The Jistmist of the public paralyses*them- It 
is tlierefore a duty tu dcTiounce it on all occasions 

I. 

As a result of seeing blind persons going to and fro, one becomes in 
the end convinced that in many of the acts of everyday life, the 
senses of hearing, touch, and smelly being suhsLiLutcd for that of sight, 
of whitii they are deprived, ^icrmits tiveni tu dispem% with the aid 
of the latter, Thetv are blind pensons in nearly all towns. We know 
that they art- able to dress themselves, to go into places which are 
kiifmn to iheiij, to look after certain details of honsukeeping, to pre¬ 
pare simple iiieab, in a word to engage in a great variety of occu- 
patioiL=i, of which one would at first believe them incapable. How¬ 
ever, their dexterity in these affairs of material life varies much from 
bidivi<Inal to imlividiial, and it is alwayiji quite limited. From a 
physical point of vicw% the best endowed blind mnii can never equal 
one who secs; he need net Ijc entirely dependent on the hitter; that Ls 
alL This y fmdy grunted, hut from the point of view' of inteilcet and 
motels the blind man has tlie highest pretensioua. He declares him¬ 
self the equal of other men. Therr is little mcliriation iowaivJ belief 
on lliis |ioint, fur various reasons. In the first place, lutcllcctnal 
rapacity is difliciilt to tueasnrej and eau not. be judged hv mere iii- 
siM?ction like physical capacity- Furthermon?. since in our age Intel- 
]i*<rtua1 culture presupiHtses very extensive knowledge, it does not 
.seem pui^lble that thiw can be acquired ui the obtfcurity of blindness. 
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Notwithstanding, one should reject tliat sight is not necessary' to 
the free action of thougtit. If the disease that destroys it is confiiKKl 
to the eye itud Us immedinte adjuncts, imd does not reach the brain, 
the integrity of the intellect is secure. There are in the world very 
few ideas that the blind [iiaii {I nicaii, blind from birth) may not 
acquire, because there is very little that comes to us through the 
eyes alone. Tf we atiiilyiic the elements of visual sensation, we pi‘r- 
ccive Uiat nearly all of it is with in the reach of the tactile sense. L#i. 
us suppose that you look at a ruler which is in front of you on your 
table. The color strikes you first. Tiiat is a sensation ivhicti a 
|>erson born blind never has. AJthough he may feel carefully all 
the surfaces of the ruler, his hngers will licver tell him tliat it is 
black. Hut rill the rest—its length. breacUh. thickness, the form of 
the extremities, the sharpue^ of the angles and the edges, the polish 
of the surfaces, the place which it occupies on your table, the dis* 
tance which separates it from you—all these other ideas will be given 
him by bis exploring hand. Everything b, in fact, brought back to 
the cletnentary ideas, extension and solidity, which touch furnishes as 
well as, and even more exactly than sight. iTiere are without doubt 
objects too far removed from us and of too small dintensions to be felt, 
but all the ideas regarding Lhetu which sight give» to tnaii go back 
to those which we have indicated. All thiiigs, therefore, except the 
idea of color* are conceivable to an individual who is endowed with 
the sense of touch. In onler to construct an idea of an object, and 
produce an exact image of it, it sulhces to luiiUipIy and combiite the 
ideas of space and extent given by touch, Sight is a kind of tourli 
of long roadi, with the sensation of color added. Touch is u kind of 
sight minus «dor and plus the sotisalioii of roughness. The two 
senses give vw sensations of thn same order. 

Those who see are not able to compass the earth in a single glance. 
For all that, however, they construct mi idea from the data given 
them by geometers. Tn the same way tlie blind form ideas of objects 
they can not touch from tlie accounts of those who see, which can 
always be translated into tactile Iniiguiige. 

I'he person born blind is, however, deprived of the notion of color. 
It is an elementary notion which no other sense can give, no him 
gunge can render comprehensible, and no analogy* can make intclU- 
gihle to those who can not see. 1 will add also the idea of light, 
which is similar. These ideas, however, are of very alight im- 
jiortanoo from nii intdlretual point of view, They concem only the 
surface of objects. Tiiey do not enter at all into the l■otIlJKlsition 
of the essential ideas of human thought, such as space, lime, cause, etc. 

The blind man is without those impressions of pleasure or puiii 
which certain cutuhiniitions of form and color cause the mind, lie 
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dews not hfive the sensation of visiuil Iwnuty. 1 do not know of n 
person Ixirn blind vvho Iiub furinwl ii precise iden of the bemity of a 
(?oiJii|Gniinc!o^ of ii luiidsL'apG^ or of ji gtutuo^ iind I rvcogiiize that 
Avkut he lacks here is very rionsiikmhle. Many powerftiJ emotions 
are denied him. But his can nut prufierly be called intetleetiiah 
These relatiuns do not give birth to any clear and distinct Idea. 
They arouse nnlv suhje^itiA^e impressions. Allien we speak of a 
blind nrtist* it is iicccssaiy^ to notice thU capital defect, bnt in the 
study of Ids intelligence it is of little conseejuenee, 

1 bdiev^e that 1 haA'e enumerated all the blanks in mentioning light, 
colon phv'sical lieauty, and adding tliereto persjwctiA-e* which niani- 
fetly is cormccted with the function of sight aloncK Tlieae defects 
are found only among those blind from birth and those iiidi%'idua3s 
Avho have been affected at a very early age, which is not ardinarjly 
die case. Only allow one a few years and he wdll acquire all thcaa.' 
notions^ and to the end of hii^ life his memory will rcprtMiucc them 
in the darkness. 

lA‘t u Iw grained, then, that nearly all ideas can find lodgment in 
the brain of a blind person. But. it will be said^ if it be not impos¬ 
sible for II blind man to conceive them, at all events he Avill have 
great difli cully in acquiring Lhenn The obstacle is not in the nature 
of the ideas, but in the paucity of the means which the blind man 
has at his disposal for assimilating them. The peh«jn who can 
sei5 owes them for the most part to his siglit, and there is no Other 
route by which they can Jje cunveycil to the mind Avitb equal rapidity 
and precision. It will U* st^iu therefore, that the stock in tnide of 
the iutelleti must necestairily rezuain nuiimentary* This j:S the capi¬ 
tal objectioJL that w'hich is at the bottom of all the wonders of which 
we si>enk. I'o those who mention it to me I ahvuys pro[X}und the 
same question, Do 3 ‘oij know Melcn Keller? 

Helen Keller, as eveiylmdy knows, is a young Americim, who, 
from the uge of IS months, as the result cif n severe illness, l^ecamo 
blind and deaf, and dumb also in consequence of her deafness. Her 
little soul seemed, then, to Ix^ completely closed to impn^ions from 
without i Her intellectual eqnipnient, it Avouhl seem, nui;^ Iw lim¬ 
ited to a few rare ideas^ ideas within the remdi of her hands. It 
would iKf doubtful, fuTtheniiore, whether in the thick darkness she 
could cv'cr hove distinct conceptions of them, Xotwithstanding, 
Helen Keller, to-day 28 years old, ^till deaf mid still blind, is a ver>^ 
distingiiisheil and cnUivatwl i>ersi>Q, who has foliowe<l the coui^ of a 
univei^ity, passed exam inations with brilliaiil success^ and speaks 
tnaiiA languages. It was only ncecsjiaty to make certain signs on 
Jjer hand wlnle -^hc toncloMl s.jme objeet to enable her in twenty 
days to comprehend the i.^iinpkte idea which a special sign rA?pre- 
sented, and, thanks to tliiy conventioiu pt^r^iom coimnujiicate 
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their thought to her. A niunlli and a half later she rcwgnized the 
letters of tlie alpliahet by toucli- After atutllicr month she wrote n 
letter to one of her ctmains. At the end of three years olie had 
aequired a .‘‘•toeb of ideas sufllcient to ensltle her to converse freelyt to 
read with intelligence, anil tn write g™:d Engli&hi The klea was then 
conceived of having her feel the movements of the phurynx. the Ups, 
and the tongue which accompany hiniian speech, and, by imitating 
thd.se movements, she reproduced the Bounds which were articiduted 
ill her presence. A month snflicctl her in which li> leam to -speak 
English correctly, and by merely placing her hands on the Ufis of 
her interlocutor she commenced to read with her fingers the words 
which were sfjoken. Tims, by the aid of toticb nlonct ITclcn Keller 
jirociirwl three openings into the external world, throe ixnites which 
brought her ideas frcim without—the ninnual alphabet, leading in 
relief, iind hitman speech. By tliese tlm^ means of a«iuisition she 
plaml iierself within that siiiiill intellectual aristocracy comprised of 
the very highly cult ivuted. Einally, not content with speaking her 
native language, slu? sttnlied French—which she writes corrwtly ■ 
I.4ilin, mid even dreck. 

If Helen Keller was able to do these things why BhoiilJ one lx> 
astoiiiBhed that the blind, who hear and talk, progress daily toward 
a complete devektpmeiit of their inteUectnal faculties? Her example 
show's us bow our hmins tsmie to us rich in herdlitary endowments 
centuries old, fasliioiicd for life, eagiu' to retajive ideas, mid to develop 
them. It proves to us that sometimes a faint my of liglit sufliccs to 
illumine the covering of darkncAi wiiich envelofis these endow¬ 
ments, and it> fructify them. The intellect of (he lilitid. which we 
readily look iipim as entirely overcast, is illiiniinatcd through mul 
through by light from without. T^-avlng out of account taste and 
smell, which, though rich in seiiBaiions, cniivey only clenienliiry ideas, 
he has the seiisi' of hearing nnd that of touch, the former for sixikcn 
tliouglit and the latter for written thought—botli precious ns meami 
of knowing exlcnnd obiccts. 'rUrough these two large windows 
open cm the world ii Hood of iileaa luiteKi. WHiitt mattem that Iwfore 
the third a lilind I'eniiiins lowcrtHii The daylight penetrates abun¬ 
dantly enougli into the interior to ixmse full activity within. 

B 3 ' the sense of hearing, not less than by that of sigiit, man is, 
as it w*cre, plunged into ii world of sensations which stimulate him. 
He is enveloped liy tbeni. However passive one may suppose him 
to Ije, he is aroustsi from his torpor and is led on tn the common 
life. Excited without pause by the talk of bis parents, his brothers, 
and his sisters, who mingle contiiiiiiilly in the external life, the 
mind of the blind infant can not remain inactive. There is no reason 
why he slioiild remain enervated by idleness. Provided that some 
care w shown him, that the things which are beyond the reach of his 
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senses nre expldned to him, he will not rnnain hehinfl other children 
of his age. Later, when he liectwiies h man, conTersations with per¬ 
sons Hround him draw him constantly uwny from himself os if tliey 
wemi Hpcctttclcs. prevent Ins thought from becoming isolated, turned 
upon himself, or confined like 0 silk worm in its cocoon. Montaigne, 
who iinderstocKl this, said, “ I ahouhl rather lose my sight than my 
hearing; ■■ and he doubtless aaid this because be enjoyed converaa- 
tion more tlmn any other pleasure. But this inquiriiig spirit, alwiiya 
in searcli of new ideas, and who found so much delight in the fn?e 
play of the intellect, well undervrhyod that the car feeds iind stimu¬ 
lates our th might more than the eye. lie found that c^.m versa tion 
was the most fnntful of exercises. Is it paradoxical to think that 
the sense of hearing Is a inure liitellecLuah in a way. than sight ? 
T do not believe so. The eye* after all is said, furnishes the mind only 
w'ith images of extermil objects, tlie ear carries ideas to it—all the 
work of reflection which thought ingrafts on these objects. It is 
hearing which sen'es as u ten I bond Iietween minds. In manim! 
w’ork a deaf pcivon who can see h superior to a blind person, but 
from the inteUeclual point of view I uni eonvinced that the position 
of the blind num who hears is preferable to this deaf man* 

The sense of touch has been esplored methodically by the blind 
fur Si:arcely more than a century and a quarter, Valentin Tlauy 
in 1T84 eHtabllsIaMl the first special school for their use, and it ii^ this 
meEhiHlica] utiliKatiott which has tninsforined their condition and 
prniiits them to-flay to asf^utiie their ride in society* The education 
of touch is the es.seutiid part of thut which may be calleil the special 
pedugogv' of the blind. It is reckimed and domesticated in such a 
wny as to make it fill the olfir4*it abandoned by sight, and this sub¬ 
stitution is very^ important as rcgaivls intellectual development. In 
all timcA it has l.ieen touch alone which has given to the hlirul the 
notions of form, resistance, etc., from ivhidi are connimeted those 
ideii.s of the external w^orld, which sight conjnitiLly with touch gives 
to those who can Kpontaneoudy and without the need of study 
it has entered the ordinaiy domain of wight and bnniglit to the mind 
of the blind tho knowlixlpe of objects wliich, in general, are l>eyotul 
its n^ach. 1 he etTorta of the educators consist at first in ft^stcmatically 
develtqung tins tendency. It is necessary to cause n blind person to 
touch as iiuiiiy ohjects as powsiblo, atii) to feel as often as iiossiblc the 
which men know ordinarily from eight, such aa large animals, 
implements of all kinds* and the like. As far as pos^rible olijecta of 
the nnLuml size are placed in hi^ hands. In their absence one has 
to Ijc Utjmcnt wish minialiires. 1 bus. for poor replantations, nlwavs 
ablirexiated. and often nniucptl pradii^lly to a single word, are aul;- 
Ptitulcd t?oncrete and precise images. I/essona on objects are for the 
blind diild a prime necessity. 
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But the principal ufRce of this pedagogy by touch is to substitute 
tiictiJe means for the visual means whicli onlinnrily aeni’c in stud it’s 
and the transmission of ideas. Flat geograplueal charts are I'C- 
placed by maps in relief: geometrical figures are also traced in relief, 
etc. Of all the exercises, reading is that which is most profitable to 
the intellect. Heading by touch is the most important of alt its a dap* 
tntions. It has made considcrabk progress during the last lafp years. 

Valentin Hauy was eoiitent to have the ortliuar)' characters of the 
alphabet traced in relief, but these characters are coinimscd of lines, 
and lines, though easily percf'ptibk to the eye, are only slightly hdt hy 
the finger. Fiirtherniore, writing and mading were so slow that 
they were of very little scr^dee. ITie idea was then conceived of sub¬ 
stituting for the system of fiigns borrowed from those who see, un 
entirely different system adajited to the special conditions of tactile 
sensibility, Tlie line was succeeded by ihc point, which the finger 
perceives much more easily, and the swstem of Braille came into 
existence, in which each diameter is represented by a numlier t*f 
points, not excci'ding six in all. Heading then hectitiic rapid, less 
rapid, of course, than reading by means of the eyes, hut sufficiently 
so to enable one to read aloud, and very agreeable for reading to 
one^a self. 

But the printing of books is expensive, and the demand for them 
imsufficienl to cover tlie cost. Sfjatcely more than the really essen¬ 
tial books could be printed, those which were ncceswiry for the instruc¬ 
tion of the blind and for the practice of their professions. The l>en- 
efit to the reader by touch still reniaineil too limited. Another step 
in the direction of progress was necessary. It has been realizeci by 
the foiindiUion of the Braille library, a libraiy composed of mami- 
scrijit works in the Braille system, whieli, although it Una not iieen 
in exisiicnce for more llian a score of yeans, already numliers *2:i.00f) 
volumes. Xvarly all of them have l>ecn written by various persona, 
and especially ladies and young girls, who each week, sometimes evri’y 
day, devoted some hours of leisiii’e in preparing reading iiialter for 
tlie blind. These volumes, niHsterpieces of patience and charity, 
lire sent in all directioua to all those who desire to learn from them. 
They cariy everywhere sound and beneficent diversion, a glow of joy 
in the darkness, a ray of light which illuminates the intellect and 
warms the heart. The Braille libraly also di^minates journals am] 
reviews in ivlief, no dotibt ratlier brief, but sufficient, not only to 
inform the I'eadera regard‘mg nil wliich Is of interest in the special 
world of the blind, but also to make them acquainted with the pulit- 
kal. liteniiy. and artistic new s whicli no one should ignore. 

Thanks to thiii library, one may say that an abundant intelletlual 
UDiiri.diment has been placed within reach of all educalod blind per- 
aomi. Considerable prograas has been made in this direction. Before 
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the Jibmtj IVns c^LnhlisliecI^ vrhm school days were over oaly those 
could continue to read daily who ^lould corn maud the services of a 
reader* and those fortunate jierif^nis were very rnre who could afford 
so expensive a hixury. In coliS^^t{lleJlCC no n^adiiig was done- To¬ 
day It is only nceessuiy to wTite to the library in order to have txioks 
sent^ or to dtaw^ on t]io branch libraries which circulate in the largt'r 
toiviLS of FninLH% [Jp<iii leaving school oue is invited to toaintaiu 
the knowledge Eiccjtdrcd and to cultivate oiie^s mind. A character¬ 
istic fad witnesses tlie progrf^ gained* The blijitl who are more 
thun Id veal's old nearly all read very badly^ while nearly nil good 
readers who are blind are less tlian 40 years old. The latter belong 
to the generation which Iiuh profited by the t^radle library. The 
former wen? rcatl to w'hen tliey had the nicana; the latter likewise 
were* no doubts read to, but they also read by thentHelves, and hence 
they reiid U4ter and read more* 

(hip can appreciate Llie Umefits of such n work* They are such that 
we never cease to solicit oil philanthropists in iiii favor- It needs to 
bu tinich extended. All grades of inlellectnai ciiltiirx? are repix^scnted 
among the lilind. To satisfy so many ta^ite^n^p sej many different needs, 
w'u ri^tfiro a large und constantly increased number ol volumes. (In 
this account we continue to ask autliors who desire to nainifcsl their 
sympathy* to send us copies of their w^orks, so I hat we niiiy have them 
copied r and to ask philanthropic persons to tnniscrilie their favorite 
authors by the Ilmille tnelhod* whi<*h ia learned without elTorl, At a 
smiill cxj}cns£‘ all can at^ist in u work which brings to the disinherited 
lilind much ijiI/ahI diversion as well as instruction. 

Intellectual ix^-realinii is, indeed, esjiccially dear to the htiruL tm 
one can readily conctuve. < )rdinary men get tlie greater part of their 
jjleasures through their eyes. Deprived of these pleasures, the blind 
ask^ in exchange, for others for their other They ask not to bo 

cheutctl their t-juim Here, as elsewdiere, wo find the suli^titution 
of active functions for those wdiich refuse to serve. They ask com¬ 
pensations cspixitillv through tlie ficnse of hearing, and everyone 
knows how nuiiieroiis are blind musieiana, Tliey also ask much from 
the exercise of I he intelleet and of reflcctiiinp I am so happy, ^ 
w rites Helen ICrller, ** that f could live always^ boraU-Hc there are so 
many fine things to learu,”’ In general the blind are verv fond of 
rc^iiling, innch more ai least than those of the same intellc^^tiinl 
level who vrin In the schoola for the blind the hours spent in 

t^^ading 111 corjuuGJi arc gm^ally cnjoyeil. T know blind persons who 
are occupted all day who ikvote a part of their nights to books* 
of thank, which n^ader. address to the Braille library am 
ufleu full of singularly tuucinng gratitude, well CTiIculatetl to eu- 
coiiinig<‘ whci InUar ty Uiilp IhtaD, 


INTELLECTUAL WtJHK OF TBE ULIND—ViLLEV, 


691 


This for n^Htling^ th\^ iietiJ of uientEil trcuistittiles, if 

1 mil T!f>t tnij^tiikpiL no advsintttgi^ of much imiiortnnce for 

the bHiicl nnJ fnvors their development* They are U^ide^ often well 
endowed es regards niemorj * nnd how great a prisie that h everj-otie 
knows. In truth* it ^ietons to have a tendeney to decline among the 
hlimi from the time ’when they l>egin to write with ease, though it 
remaiiLS goofL nevertheleiiS, on the average^ Khali t uliso take into 
acx^int that their iufirjoity protects them from tJie invasion of the 
imigii/ane? The substitution of the maguahio for the Ixxik^ tif nu.=¥* 
cellfinrnna farts and patchy nrtieles for the long inatiiriMl work, seems 
in our ugi'! to Inn one of the olnstaekvs to intelle<liial prngre-s,s. The 
perioflieal-s So **braille'- arc reviews rather than niagUKinef?^ and the 
psirt devoted to miscellaneoiis news is very much coiiden.-HMli If the 
blind are not ctwichcd by some iiet-son with sight w’ho is in their circlet 
and who reads to them every day from a newspeiwr* they vifcape the 
cDtitagioiL They jut? able to give to !x>okH all the lime for reading 
which is at their disposal. As I liiive done, this miidi (ow'nrd an 
endeavor to iTCHrogiiiKe their advanluge!^ I innst lay stress on the 
principal one* namely, m I Iwlieve. a tendonty to ixdleclioii, to the 
concentration wdiirh is noticeable niiiongs^p many of theiiL 

I do not exaggerate at all nor do of coum% pretend lo lay down 
universal rn|p!^. 1^‘e aiv not concertJcd at all in determining the 

character of the ifitelligence of the blinil man as if thi$ intelligence 
wen? 11 ilxed ipiantity. Among the blind, as amorig tliosc who can 
see^ diero are as many foriiiJ^ of intelligence as there are individuals. 
There are srune who are dissipate^J. some who are capricious and 
inennsiderate* Among the host endowed, lioivevor, a cerhiin jioise 
often cd>Hi^rved. fiitellectinil ndture laniig iMjimh there is ofteiL 
r lielieve* more of equilibrium and judgment among the welUetidowiMl 
blinrl than among those who see. This is nut astonishing^ hrcfiu-=^ 
sights ns we lutvc already'' said, is the sense of distraclion. The less 
one is distracted, the less the internal reweric js inteiTupted l>y 
accidental happen mgs. without, the more one is coiicentriiied on him¬ 
self, the more one takes time to mature oiie^s ii? fleet ions. Lii weigh the 
pros and cons of onc^s deliberations. 

I linve encountered in the world of the blind some of the most 
sympathetic iuteJligences that I have been privdlegiHl to know, I du 
not speak here of eminent scholar.-H. hut of inen living wi^ly and 
intelligently, of men who i>erffinii feelingly their daily task, what¬ 
ever it may be, and who constantly^ in the praciicn;] atfaii'S of life, 
give evidence of gooil sense nnd wlsdmn. Often their intellect has 
great steadiness joined to extreme 11 edibility. I will not mention 
any living person, but atTircely a month ago a man dicfl who has left 
behind an inelfiieeable memory among all Ihow^ who nssoeiated w ith 
him* iL Bei'uus was professor of gnimmar and literature in the 
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Tiistitiition for Blind Youth in Paris* He lost his sigiil when he ’n'as 
vriy yoiang* EduoiftMl in this schixil, ’where he later became an 
instnaetorT, lie had n-wived an elfimentnry echicntioiu quite insiifTicient 
for the needs of his mind. He wae alt^o seized with tJiat tliinrt for 
reading? of whidi I hove spoken. He 1istene«1 eagerly to reading and 
developed his faculties by himself. Appoinled professor on leaving 
HthfJoL und without jjrepnration^ he enve^d to his reading the 

S()!iditv and originality of u very personal instructionH He had n 
Hingidarly ilelicsite literary taste. He wrote nothings partly from 
inoth*sty and partly liecanse from his ixiint of view execution ivas 
much inferior to conception. Simple, courageous, he taught ii pri¬ 
mary class for eight yearns and up to tile time of his death. A little 
slow in mind as well os in Ijody* he reiipondcfl feebly to impressions 
from willioiit^ I nit he had singular ptMvcrs nf concentration, and his 
meditation was liitenf^e, \nu'n one had pi'nclrated hiu rather cold 
exterienu one encountered a very active mind—o man of great pene¬ 
tration and original thought^ He was also an ext?cl1eiit adviser* 1 
dwell on this example iwiiiise Jh Bemns, whnm ho mnnv of his blipd 
pupik have loied, appears to have united in himself so many of the 
most ^alicTit characteristics which are ordinarily found in the mintl 
of the blind- 

Louis Braille, we are told, was of the same tvqxi of mind. Hi^ 
manner was reserved, his conven-^Lion ivas not lirilliant. but the 
JrmlTdity of his thought caused all those who knew him to seek his 
opinion, Fmm his youth he was able to concentrate his mind with 
so great tenacity on an idea that at the age of 17 years, after long 
groping and many fruitlcsv ccimhinntiona, he had already fixed on the 
man’cloasly simply alphabet ’with which his name will alwap be 
associated. 

A goodly nnmlicr of blind persons seem to have achieved a certain 
notoriety liy ibeir intellectual culture. Unfortunately, we nre gen¬ 
erally in ign!irnfU!e of the conditions under which they developed ond 
the means which lliei" eiiiploy-Esl, and we lack precise data regarding 
their pfiychologr. Many represent scarcely more than namosi to us. 
Among them are iwtnin of the ancient Greeks nnd Bomans, such aa 
that Hiodotns and that AuGdiusof whom Cicero speaks in his TiiscU' 
luiiisi. DidymiiS of Alexandria* who lived in the fonrlli centurj' of 
our era* is a little better known, Toword the end of the middle 
varJftu-s sailiolara of reniarkuble memory, Xicaise^ of Malines or of 
Verdun ; Ecmnnd, of Bruges, mid Pierre Dupont, of Paris. Regnrd- 
inglTlrieh Schomberg (lfiOl-1048) we have the testimotiy of Leibnitz- 
•*He taught philosopliy and mathematics at Konigsberg,” says E^eib- 
nitz, ‘Mo the admiration of the whole world-” AUhougli he did not 
lose his sight until !2J years of age, he did not retain any remeTnhranco 
of light or of colors, ax) that visual impressions counted for nothing 
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in the forjiijilion hi.s intellects In the ei^liieentli ceiUury the .Swiss 
Ilutx^r ohtEiijicJ BCTiic re|jiitLitioii thronj^lt Voltaire and, thanks lo 
Diderot t we have iiecome acfiiiainteil with tlie En^flisJitnaii Sit under¬ 
soils The former sin died the habits of the betv but it should lie 
remnrketl tlnd having enjoyed tlie use of his eight until the age of 
iri yeaiT^, ho Ikftd received tlic greater part of his eilueation wliile lie 
roiild see, and that he was able to make use, without interruption^ of 
the visual itiuigiiiation. Saiitulen^n, on the contrary, l^ectinie blind 
in his eiirl\=^ infancy, but i( appears neverthelciS that he carrieil his 
instliemBiical studies to a great lengtlu Idke SaiinJerson, who was 
a professor at the Universitj' of Osfonh many of the blind whom we 
have mentioned taught tho^c who could see* It was the same with 
Penjon^ who at the Iwgjiining of tlin niiietceuth cenliirr was pro¬ 
fessor of maihenintics at the <xil1egi> at Angers. As we have si.t?n, 
mat hematites and |jhilosophv predotiitnaliHl in the^ cases. Among 
p<3ets wi? call starcely cite anyone but ilalaval, who uchieveii n cer- 
t]iiji notoriety, for we can not nnnie the great pact ^lilton. .^ince he 
did not h>^ his sight until after he w^as 30 years old* 

lliougii these names do nol sliine w ith a great Instc'n they suffice to 
pix>ve that blindnesss does not <Mintmvene tlie full development of the 
intellectiml faculties. Furtheruiorc^ any one who desires to assure 
himself on ihis point has only tn visit a eommimity of the educated 
blimi They can he found in all countries, arui espetually in the great 
iiislitiilions for the blind. In all eoiintries alsrj one encoiinlers blind 
students, who perform various tasks ivilli siiccesf?. Tn France we 
know ft doctor of philoiiophy, a master of literature, and a doctor of 
lawSi 

If, moreoverj in ihe past sueli a number uf blind men as we have 
mentioned and many others a iso wliorii W'e do not know, left to their 
own resources, without the aid of any method or tradition* have suc¬ 
ceeded in cultivating their intellect* why should we be n^stouished that 
to-day, when they find i^^^lt tut ions rc?iidy to rewive ihem, when a 
complete system of pcdsigogv- and methods of work have been devised 
for their use. if a large nurnlHT reach the same re^ilti All this doirj 
not prevent there being inudi labor wusied. as one may say, or many 
blind jicrsons who are ineapahle nf a normal development. As ex- 
perictice .shows, blindness is not tlie cnu^i^ of this. There are maladies 
which often accompany blindness. This waste will even, j^erhaps. 
increase in the future. In certain f|utirtcrs* already, it h lieljevcfl 
(incorrectly, perhaps) that a decline in the average intelltHituftl de¬ 
velopment among the blind is perceptible. Recently, the progress 
made in the prophylajcis of blindness has rendered it possible to save 
scime invalids wbo at another time would probably not Love cfjcaped 
disaster* Pmli^ibly more will he saved later on. The territory thus 
gained will all be that of loealbed affections wliich involve oiih- iho 
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particular, the hurril>le uplilJialmJa of infant!^ Ijj the gen* 
eralions of blind persotw who will rijic to the iniellectQiiI Hfe doubt¬ 
less a largsr uud l«rger ppnportiou of iiii fortunates will Ixs foutid 
whose sight will l*e olwcuri*tl by some one of those deep^seoted to til a- 
dies uhich alfect the bntiit ami the iicrvtnts systoii). Ftir be it froiiv us 
to complain of this jiitellectmd decline, if wiich be the cause. IVitb all 
uiir heurts we longf for the time falas, fur ojf) when the oniiists will 
pemtii only idiots to lose their sight. If tliat time slioulii ever come 
it would l-A' necessary to luidersinmi Oiat it ia ntn blindness which 
protliices imbecility*, hut that tliilKtcjlity and blindness t>otli ]ifO- 
wed from a det-per cuusi*. To-day it is iniportnnt not to forget this 
anti if <me meets a blind uisn of low mentality to resist the temptation 
of judging’ others hy him. 

ilhout doubt one great difficulty c:tEist 9 , and us wo have jwinted 
out the ttdx’aiuages which the blind, fierhaps, enjoy, it is necessary 
to meutioii it in tnnl. Documentation is always much ntore diffi¬ 
cult for the blind man than for the person who sees, and it is always 
liable u> rather deficient. it<M>ks arc to a les?} degree ut his disposal, 
^icy invite him leas to reading. Many are inaccctciible except by the 
intervention of a pei-^m who can sec. Formerly this diniciilty was 
less evident, l>ccause it w’lis much less net^esiairy' to read tliuit it is lo- 
The trunsmissicin of kiimvlodge was effected to a larger extent 
by nicans of speech. At jiresent in most cases this inferiority does 
not ap[x‘ur to me to la* of %'crj' great nioment. Tlic nuisicians trained 
t*y the inatitiition of Paris are certainly not inferior, fi’oni an intel- 
lectunl point of view, to those W'ilh whom they a,^sociate, and the 
workmen are in general suj>drior us to culture to the worlfiiieii w’ho 
see. In awnigc conditimis. the evil is not a great one, although, of 
cxjui^, it becomes u much more serious obstacle, to tlujsc who have pre¬ 
tensions to a gn'at intellectual development. Provided, however, 
that the conditions are favorable, there is no doubt that tJie nietho^is 
which for tt century hai-e lieen sit the disposal of the blind, joined to 
those which they could coituiiiind previetisly, enable them to triiiiniih. 

Even fur the advanced intellects there is nothing tlint is insiir* 
mountable. 

IL 


In an article in whicli he spoke very graeioiislv of mv ijooks on 
Mojitmgnc. M. Victor (iiraiid remarked" that it would be'interesting 
to know the methwls of work which u blind periam eniplovs when 
engaged in the mimne inquiries which sitdj works presupposes 1 am 
very glad to reapond to his suggwilion. and the more so Ixh iiiise it will 
enable tiie to show tlic marvelous services which we can derive from 
the method invented by Louis Braille, and its adn pi ability for our 

Spt llic doF Dtni MoQiik^ia for rs.‘brimry lit, 
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necdei. In the liuivs which follow I nm less con^Tirncd than EniiUe, 
because it 15 Braille who has eiiahled me to accomplish things^ find 
others aij well as myself* From a psychological point of view, or a 
typhlologiciil point of viewt say, the only interest which my 

books on MooiHignc have h that owing lo our fecial method-i philo- 
liigiriil reficiirche^? and works of erudition are not pnihibited to the 
hlincL 

1 lost my sight when 4^ years old. From n^y eariirbt years no clear 
visuiil remembrance has remained with ine\ perhaps becHUse heedless 
infancy scarcely fiscs its uttention on anything, or, what b tiiDrc 
likely, becniijic in the total darkness in which I huve lived since no 
vigual impression w)iild enter to wake the steeping memories. In a 
largi' sacrwl hiistorj' which was OfientHl before me 1 roinenil>cred 
vaguely a picture of Abraham slaying his son, whUc an ungal de¬ 
scends from heaven to stay his arm. Is it perhaps pc^ible that the 
wings of the angcl^ whkh struck my childish fancy, may have left 
traces in my memory ? All b mj vague, how^ever, that I scarcely 
dare believe it, and especially because if I attempt to gnisp niy rcmcni- 
hrantH* it Tanishes immediately. It is more a rcmemhraiu^e of vision 
than a visual image. I have quite c.Tact ideas of color, but for 
lack of means of emnparison I do not know whether they ar^ exact. 
When I lost my sight 1 did not know how to read. My cdui^tion 
has tln‘rt‘fore been ontireJy the tHlucation of a blind mam 

I received my first lessons by listening to my brothers read aloud. 
It was found that I had a good memon'. Ai the ago of ^ years, im 
:ige when the sense of touch is still uciile, T commrncetl to study 
Hruille":$ aJphaljiet, which cost^ a child Jess toil thaji the ordinaQ" 
alphabet. Also while quite yoiiiig I fniniliarkeil mywelf with the 
two methods of work which I should have to make us€5 of later— 
reading aloud and reading by touch. .\ sojourn at the National 
Institution for Blind Youth at Parb initiated me more fully into all 
the special methods of the pedagogy^ of the blind, which are better 
taught in this school than in most others, and thus prepared me for 
the studies wliich I should have to make in the different colleges of 
Paris. There, even for Latin, Greek., and often cn?n for French^ I 
lacked books in relief. I trattscribed and had tramcribed those which 
were mdispenBable to me. The Braille library placed many at my 
disposiii. In addition^ my devoted friends aid^ me m tliis task 
But more frequently than otherwise I learned my le^na through a 
secretarjs or a comrade, who read them to me, I used coatimially 
the Braille system for all that I wdshed to preserve for writing rough 
drafts of my lessons* and ^peciallY for taking notes on the course 
given in the class room. In eousequcnco of this continual exerdHe 
I mauaged the stiletto witli rapidity, and by means of stenography-^ 
4Ei74ii*“aM 


69ft ttEKtilT H,MITritk>NtAN TJfSTTTCXlON, lp(K). 

I niirlohtti Htthi hy little Ti^'ith new itu senteiict' nf the 

tout^ e^ptd me. Ab for tlie impf.^Ts which I had to siibmii to iiiy 
profc-^rSj 1 wrote them with n writing iiiiiebhu\ the which "l 
am mu king ixBt of at the prest^n* moment. It is a type writer which 
differs in nothing from the ordiitarj' model. Of course [ am unable 
to am tho letters iji-scTiJjed nii the kcyji wldeh I strike* hnl meiMory 
vorj* easily supplies tliis defecL ^Inreover, tyjjcwriters who can sec 
always write without hxskliig at tho machine. 

i or Seine yeat^ tlie hJiiid have mtido inneii use of typewrit iug^ iiriil 
the process is ifo simple ihat li^ than iiii hour after 1 rc<:^i?ed my 
machine I wrf^te niy fiivit pnper without sissi^tanciA The only liif- 
ficiilty consists in tlie fact that I uiii unable to t^nd over w'hiit Ls 
writ ten. lor that 1 am obliged to call on ii jierscfti w!io can mtK 
Owing to thi*se methods^ and also to the ojcceilent teaeliere* some of 
whom have shfjwii tow'ar^l mo uii utiliniitcil devotion, I Liaii no diffi¬ 
culty in keeping pace vTilh my cumrndes^ and I parsed my das^^s witli 
suceesa. Al the sarnu tiine^ 1 have acenatomed my.^^lf to make the 
most of the condiLlonH under whidi I bbor-ed. to prufit by reading 
whidi i heard as miidi au by rending w'hich I did for myedf^ to 
multiply my notes in “bniiUcp’- and lo dat>yify iliem in u metlnZHlieal 
und practical manner. All this was of service U* me Inter* 

W\m\ 1 entered tlie higher normal school I felt at once that ii 
change was clTccled in my studies. The work of as?^lmllill ion*'which 
was that of the secondary schoqls, was succ.*eeck^l hy the work uf pro- 
dnctioti;^ sjciiLmtific woi k. 1 coiifeSiS ihnt al first I dis<|iiieted by it. 
It was necessary to go to the sonri^esT to handle a mass of Ixiok^ with¬ 
out any gn id a nee. My tastes led ini* towanl Uteniry history^ and in 
no kind of Judies does diKnuiumtotiiHi prtweiiL so itmiiy difficulties ns 
in history. I regTette<I at times not Seeing of \i pliilosophieal liim of 
taindj because I wnti awai^? ihat n philosopher di^oiuuds le^si from 
boobs and drawti more from hts own resources* Nfsicssity xdsii im¬ 
posed on me the task of lenruing to use bibliogniphical aids as 
Tnethodically as possible in order iiy guide with iriorc i-ertainty u 
secretary, who, luoreover, ticcuuic insepumble from nn\ who if^ipplied 
me coastantly witli eyes* but eyes more and more passive in propor¬ 
tion as the needs became more pei-^onnl and mon^ coni plicated. Be¬ 
fore leaving school I ajiplied myself to the si:ndy of Montaigne* 

In order that one may iiJidcrstand in what my task wnsisteil. I am 
under the necessity (and for this I utk the pardon of my renders) of 
recalling briefly the point at which rhv study of Sfontaigne had 
arrived when I first tofKk it up* and the object wkicti I set before me- 
It is generally tlic custoiu to read the e^ays^ of Montaigne as if thev 
Tjnnstituted a homogeneoiifi work and form an entity. One sought iii 
his philot^phy a t?ingle idea* almo^st it and a^ one frequently 

enoountered contradictory judgtnent«, some iH;kiitemled that thev were 
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stoic:a]H, othi'r? ilml ihi?y \vm i^picim^an. Sonm n-^rdptl them iiH 
fikppticfll, nil Ho others Rttrihutpcl them to clcaginafi^ijiu TbcH^ who 
wprp religions nlfirmiN] thxit they were ntheisticjiL In hi;S one 

tun ugaiiiiit et|unlly conirasii?- By the biide of jejune chapters, 
devaicl df origrnjilit 3 % otip found uclminible rich and full of 

personal feeling, as everybody knows. It seeined to me that all these 
apparent contradictions and those differences could be explained, that 
they corresponded to tliffcreiices of dote m tht' composition of the. 
i5siSHTS+ and that the ihoiigKit of Mcintaigiie varied from tiiitc to time in 
the same way . that itie ^lyle of an artist changes. IJetracing^ us far 
as pos.-ilfle. the j!im?e«sive stages which his thought liad tniversenL the 
hj-ers depohitet] one on anothei^ in his mind liy the tnmsfonnation.^ 
of Ills work; in a w^ord, to nnras'e the evolution of Montaigiic ils a 
philosopher and as an artist^ —^uch was my plan. 

In feeder to realize it, the first thing to do was to determine the 
cdironology of the essays. It was necessary lo investigate the alln- 
sion.**; to contenipoiary evenfs >vhich they contained, to identify these 
often of>sruhi; events, »itid to fix the date, often at the expedite of ex¬ 
tended ni.seiirch. Without a firiidy established chronology there can 
bo no historical studies. EuL to fix tlii.s chronolog}- and to make 
dear the evoliition which it dioiild reveal to tis, it. was impoHant tu 
rt»i?over Moiitaigiie’'s reading. Indeed, vorious chapters insplriHl hy 
the sflrtie laxik wore likely to be contemporaneous* His series of read¬ 
ings miglit reveal much concerning hb t^erie^^ of compoxitionsL I was 
obliged* therefore, to coinfneiico by what could lie found 

of Montaigne’s lihrarj^ his ^ libraire,^^ as he called it, and, as fa.^ as I 
replaced the books on the shelves, to examine each for tlie material 
which it had furnished. 

Tills detailed and very extended inquiry was. then, the net!essary 
point of departure of my taj-k, autl il cmistiluted the most difRcult 
part* Til order to comprehend how il was (joasiblc^ and how^ it fur¬ 
nished a solid foundation for the e<liiice wdiich I wialied to eoiistriiet, 
it is important to rreall tiiai Moiitaigne iiaiiall_v quoted with inuidi 
accuraey the authors who im^pired him. One finds in the exsaya 
phrases copied .ilinost verbatim from the fjuoks which he iirlmired; 
in other places there are only nthisioniN hut alhisium precise that 
one can sometiiiies trace the s^jiirce with eertainty- As b^ide^v, Mon¬ 
taigne spoke with plcnsnre of his reading* and has given ua his im- 
prcssioiis regarding much of it, such an enterprise has ii good ehaneo 
of success. It was begun by annotators of the essays, such as Costc 
and Victor Loelere. It was only necessary to continue with more pre¬ 
cision and more patient'«.% 

Mv first care, then* to transcribe in braille Montaigne-s entire 
work. My c.*olleetion of the cs^iayK ctmiprised twenty to! times. T 
was able, tlicn, very easily and without any e.xtra neons aid to study 
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iLcm Eit first Imrifl, to make my^H (Lorv>iighIy fucniiliEir wkli ihem^ 
anj to piiL on Lkemoratidu^ My ni(^mL>ri 2 iid}i| wrttleii out io braille 
were diiruUnL properly gj^eakitig, into two tiatugoriea. On tho^e 
nf the lirst group wrrt writteti all the wLitdi wTro exjm^ssed iji 

the cfisays. On those of the ^ecotid gtN>npj nil the imagCfL clmnicter- 
iiitit: expi'essioiis, iind iigure-i—Lii n wonl, all the t>eetLliikritie£f of style. 
For the last group were irMrYed the historical exnmplt^ the anec¬ 
dotes, and narratives of nil kinds w^hich swarm throughout tlie essays^ 
Then* the three lots of memorandu were clasKlfietl. raeli separately, 
hi rdphnbetical order^ anej placed in n largi* Wx* wdpeh for inuny 
years reinainod constantly within rt^ach of my band. 

All these memoranda were written nut in relief in hmille char- 
netenx The chnrneteristic word of eucili of thenL that which served 
to give i1 its plate In the alpIrabeticLil flassification^ was written at 
the l:H}Uom, Thns, all tjeing phu‘od upside down on sliglitly in- 
clineil plune it w'ti-s only necressaiy^ for lue to run my fingers rapidly 
over tlie edge whiofi they presented Lowurfl me in mtler to imme¬ 
diately discover in these rather high pili?s the inemonindiim which 
I needl'd Tlie ^arch did not take any more time^ I fsdieve, than 
would have l^een druiLindeiT of a practice<l eye, Si?atetl before my 
Jx>xes, 1 had only to read over again ihn books w ith wdiirh ilontaigne 
might Iiav(» Wii acquainteil. Every time that 1 wni^ struck by an 
id^ra, an imagu', ornii exiimpte which 1 had eiicwimterefi in the i^says, 
I exicndeil my haml to^vard tlkc zncmoraudiim on which tlih^ par- 
liiiLilar waa WTiUeiii. Tliis having lM;»eii foiinch refeiTeil me lo the 
exact [>uge of Montaigne and i>L™iiited me to verify iiiy recti I lection. 
If, as 1 suppdseih there was a citation or ullnsion, I ivmte my db- 
uovery’'j always in braille, on tbe iikejnonmfliim^ where several iifies 
had been reserved for the purpose. 

I should have read itl$o. in order tluit niy inquiry should lie fridtfiiU 
nearly everything that had chuiiced lo interest Montaigrie—^and his 
mind was one of insatiable curiosity. In Ivis time Ijatio oiid fireeb 
literature were abncist enLirely viilgurbsed^ and his educalion inclined 
him particularly to borrow from the aneiepts. In adilition^ he read 
many Frencti and Italian. Ixjoks, It was necessary for me, therefore^ 
to pursue my inqniriiis in the Greek, Latin, Frenclu iind Itnlian works 
then publisheih The first point was to rlb«over their titles bv means 
of bibliographical aids which 1 had imllcrted. Hie second was to 
search in the public librartea for books which might interest me, for 
these books were often very. mre. Many of them have not been re¬ 
printed since the sixteenth century. For those which have l>een* it 
was necessary to have recour^ to editions of that ibne^ which aojne- 
timea dilfcr niuteruilly from those which have K-en put out sbiw. 

II is not necessary^ to remark that ail these were not transerilwd in 
hniille. f way not able, therefortv to read tlicae worfoj, but hurl 
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them refl<T alouO to ni<?. The practice Tphicli I hail had. aa already 
iieinurbed. miicle this mfltimd of work so familiar to me tlmt for 
works wdiicli are not of an aiiist jc oharaeter^ I pi-efer reading nlousi 
to read i tig by touch. 

However, as regnrtls inquiries of ihh kind. I Tvill not endeavor to 
deny that they pre^iA^nt real dilticuhies. Tti the firnt place* and be¬ 
fore all ebct the iiopofi^ibility of running over the matter is the 
great drawback to being read to aloud, Tlif eye is quick to scruti¬ 
nize a page, climirmte the whole cif a ustdei-i: elitipler, and make sure 
that it contains iiotliing of any interesL Nothing can replace the 
eye for this pijr[>o?^. It is necessary to resolve to listen carefully to 
iissel^ developments for fear of imprudently Jikippiog over an ira- 
ptirtiint idea* When 1 rhked skipping passages, il was necessary' 
til at they should be sliorl. It was necessaiy, indeed, to know all 
the difTerent iHrections which the iirgument texd?, Wlien oue direc- 
liou was sterile it could Im alumdoncHl, but it wafi important not to 
pat® the exact paint where the thoiiglii enteretl on a now path. 
Saniet lines I employed a signal (a stroke of a ruler on the table, for 
example) for iiiternipting an intrcHluctory ^ntence* and it was 
uiiderstoOAi that my reader was tn Iwgin further along, according to 
the character of the book* either at the heginnitig of the following 
sentence or at the next line, or five or six lines below. But these 
expedients were only moderately ancwssfiil and had to be used very 
con.^rvatively. Another difficidty is that liorrow'ed eyes have never 
the docility of those which are under the direction of one^s own 
will. A sccix^tary, however devotcfl, grf^ws ivertry of nn extremely 
nionotoiions task, the interest of which escape^^ him* T do not at- 
tempt* therefore, to minimize the diffictdtifct which a blind |>erson 
encoiiniers in such work. Taking all in all. however, they are 
dilhcultics only anti not in^unuoimtable olislncles* To succeed, it is 
necessary to have a little more patience, a little more perseverance, 
that is all. 

Chronological rescurelies can l>c made in the same way, iind when 
till! invesligfcitions of sources mid chronology^ were completcfl, nothing 
reniaineil ki be done e.xcept lo concentrate the results, fissemble imd 
condense them, and to make frlear by their light the evolution of 
Jfuiitaigne'i? thmight. This was merely a matter of rc^ fleet ion, the 
most agraeiible task of all, because it was carrietl on without the iLse 
of boA^ks or any extraiiGoiis aid, iind because it was alt mental and 
depended on myself alone. 

Fnr the easy ninturiugof Ihis rcfleciion my niemoraii<1a in litailk 
were Isoih-necessary and ^ilHcient, T have alreaily shown how easy 
their liandling was to me. T liclicvc that in thifi n-gurd the blind 
man does not sulTer fi-oio any inferiority, and the more lie esereihes 
his {acuity of concentrotion the easier his task becomes. 
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FinjilJy, we l^ome to the work of Su iimiiy blind pensons 

Iiiivc^ jniblLlied iLiid nre pubii^bing remarkable artii^les and frorks 
that I have notliJiig ivally new to sny on this ffubject. The editing of 
a work of eruditi«>n sK^atroSy preirent=i more diffieiiUk^ than feT n 
popular work. It merely nxitiirets nion^ prot^i^ion a:^ conoenis nutii- 
bers, of dates—all Uiiriji^ which nsjuiro ^*rupuliai.s care^ IL 

prt?suppffi««v above all \i fiia.% of noteii at llns iKittoin of the psAgt^ 
j^fertnee^^ to te.vts, and doctituentary prooh* All thal may take one 
hysurijirkeat fij>ttbiiltby meiin.^ of the note^ln ^“hntilkv itisalwa_vs 
possihlef witbont too much lalKJrr^ to attain a rigorous c,\artne-^» 
volufjieii are studdwl with figures and exact rcfen,‘iice?w My extnicU 
having lieeji muxle methoiJicaily, and the residU drawn from them 
€01 re fully roci^rdcd with id I the indications arrungial in proportion to 
and in accordniioc with die circuinirtanees, it wus easy for mo to sup- 
piti'i my assertiuiis with tbo critical proof wdiicii they demmided^ 
There again it for me to refer to my niemorunda^ where even"- 

living was noted. 

As to the medianical execution and the actual t^mpositionT two 
metliiHls were o[>eii to nio. I could write out the work in hniille^ 
in Hueh a ivay that 1 couhl read and eomeet the matter myself, and 
turn the «Ppy over to a typeivriter to put into tvjve^ nr I ooidd copy 
luy mugb (IjTift again on niy own tyjievvritvr. 1 have iiserl lx>th 
metlKals, somethnes pnderriug the one nnd sometimes the otlier^ ac- 
(Tirding in circiinistaiices. Wlien 1 had to di^ with partiiruhirly 
diflicuJt pugt^s* rwj Hiring spt'cial a ecu racy, it M^enicf) to me heller to 
make ji riuigh (Irnfc in relief^ iu oriler to lie able to ts:>iihTder and 
v^uipure it fretdy. For onlinary pasi^ages f iiiudi preferred the 
ty|)owriter from the first. 

One maj" lie surprised ihnt the rough drafts in *^ hruiUc"’ were not 
always preferred. The writing, in spite of numerous ablsreriations, 
WQS rather sknv^ imd* furthermoTO. reejuired a certiiiii exjiense of 
physical energy. Tlicsic two eireumEdances lessen the buoyotiey of the 
mind and divert attention from the work of com position toward the 
details of mechojiical execution. I am aw*are that some blind persons 
arc less senrible of thi^se incuiivcnieiuM^s, hut I know that there are 
others like myself who find tlumiselves discsoncerted by tlicm. Type¬ 
writing, on the i^ontraty, is quick a ml taisj-. It aii^.^inpjinies but does 
not interfem^ with the flow of the oiiink which h scarcely rainscioiiiJ 
cvf il.^ very floxihlo mecha[ii.^m. Dnuhtlx^ n ^lersou who euxi ^^ee finds 
jL di (lie lilt lo iindcrstauil how nnyone can write without being able 
to ri?ad over tlii‘ paragraphs that ai^e finisheiL 1 find thut^^hnhit 
triumplLSovcr this diflU ulty—at till events, with rue it was a triumph 
without Inlair. The cure involv.x] in a metlimlicBl and mther rigid 
couipo^il ion is in part the eau-it. When one has 
with even the details m order, one dws not the tliread of its 
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devcloiJiiipiii, hiiwvvt‘r Jn iiioiiioty may In?, 

It wns Very rsirvly tluit I fiuinil it wecp^iry to sHwk Qie aid of other 
i^vt'iv find rny place^ or to recall! the foriit which I liad given to any 
prt'<xHliiig ^H?nteiiee3fL Frequently t i^uspentlecl the editoriul work 
in the iiudst of the develojiment of an lihm. 1 left the sheet in the 
uiaeliiiie and ijometiiues after an internijition of forty-eiglit hours, 
or even mon^ took up the thought iipim without hesitation at the 
|f<ntit ail which 1 luul left it. iloi-eover, 1 did nut de]>riv<i niysadf 
of the upportHtiily of i^rrcdiott The editing over, I had the mailer 
rend to me ns iiintiy tinusi avs wn.s necessary, cUetatiiig to my ^imary 
moflifications and M>iiietiine?i very numemurt iidditiotL^ and adding 
everywhei'c a thousand Hulling tondies^ I lielieve thni I can say 
tha( my style was jiot imix^rfect when 1 wrtite the first draft 
in On tlie c’ontrary, if it was iwrhaps a little more 

iTgorous, it was ailiao rather stifTor. 

Finally, and this is what 1 particularly wish to note, the dalmra- 
tioii of tlicflc 1,950 very compact pagi*s did not by any means canse 
me the prtKiigioiis lalwr that one mighi naturally ex|>ecL Tlie one 
psirt which was long ami tiHliiius was the extensive priquiration, all 
tliat which did not up|x='ar, (he dm^umciilation w^hLcli Sf-rved m the 
Iwisis of the work. I I'd n in the hn|a* that anyone who hfls fo I lowed 
my exjK^sition is convineetl that iJie undertaking <Tin lie carried 
on wiihout any great iliflicnlty und that tlie methoib which are 
fjfx-n to I ho blind Icnil tlicjiis^dves fjerfiH^lly to its ac^xmiplishment. 
They have given iiiv, 1 ladieve, nieans of t^onfurjiiiug exaclly lo the 
coum' that any person w ho can see, di^siring lo treat of ihe same sub¬ 
ject w ith accurnry, wmilil he rmujKdled to follow. Iti all my pro¬ 
ceeding.^ I liave invented nolhing. Any )>erstm wdth sight would, 
I think, Iw conqxillcd to use some form of mcTnoranda analogous to 
mine. I .sinijdy adapt rt] a comiiiou ami alrmjst nec.^.ssaty method^ I 
niuy say, tp the sjjcciul conditions uf the blind. This adaplatiPn 
was a very simple one and did ntrf demand any great effort of the 
imaginaiion- It was developed little by little, by succesaive stepi^ in 
Btx^irdanee with the net^cls. It sprang In a certain way from 
eireuniistaiici^i- 

My design, as mm mny supjiose, is nut to incite the blind to engage 
111 the prciduction of works of eruditioiu To siiccwd m this it is 
uhsiilutely nect^^ary to luivc the taste, the [:»assiun for learning, and 
incrsl fortunalely p^‘^sorls arc iilflirlHl with this malady. Wlmi 
a stranp" life it would \w if we all inrtaiuorpho^d into Vaiok- 
wurnis! Very fotinnalely, tmi, tlur^* itn' oilier works mure acccf^ihb 
to the blind in which they hav^c trouble in rivaling those who 
can In all that 1 have recounted it Lh not neces^ry to see an 
example, but tin experience—an eX[irrierire wbkdi^ rertes, will not 
surprise the blind ^wlio, w.1 (yasl, will see that everj'tlung here men- 
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tioned is quite simple), but perhaps, sugfi^eEt to them some 

useful observations on eertain appUeuttons of their own peculiar 
methods of work. It is, however, addressetl especially to those 
who have sig[ht. TTith so many other experiences which are 
renewed every day, it will contribute, perhaps, its little part to 
inspire them with more equitable judgments on the blind. It re- 
quires such an unending array of facts to combat a prejudice and to 
cause it to retreat step by step that we can never have enough. This 
will serve as one among many. Let us also hope that it will make an 
impressioi; on the ranks of the enemy and work for the common 
welfare^ 

In conclusion, it remains for me to excuse myself for iiaving 
spoken at such great length about, my own adairs, but if the “1^ 
(that of hlontaigne excepted) is nearly at way a objectionable, the 
reader .will pardon me when he nid^ that, in spite of appearances, 
1 have mentioned much less regarding my own X)crsonal work than 
r^rding that of the blind in general. What 1 have done any other 
blind person might have done in mj' place. Our methods of work 
are coniinon to alL 1 have wished, by means of one example, to 
show the flexibility of our methodsL Perhaps, after having read 
the foregoing, all will undetsland better how much we appreciato 
the inventor of an alphaliet to which we owe the major part of onr 
culture and our inteUcctiial pleasures. 


THE RELATION OF MOSQUITOES, FLIES, TICKS, FLEAS, 
AND OTITEU ARTHROPODS TO PATHOLOGY.^* 


tty a. 


It Ib II riiflttcr ot comman tod;iy thiii whik theirs tire 

tnanv arthropcKlrt which Hve n free life, there are also many others 
whidi are parasites^ ciinsing in man and also especially in the do¬ 
mestic animuLs many and varied dificases, the origin and nature of 
&ome of which have been known for n long titno. It would be banal 
to rccuU that phthiriosis is cau^cl by lice, and that certain larvie of 
Diptera, such as tlie osstridi^, niay occarion the disease called myasia. 

This old pathogenic riile, which has been taught to all the medical 
and veterinary generations of our time, is quite true. Hut it is not 
of this that 1 w ish to speak. It k of a new rokj brought to liglil only 
within the lust ten years, thn importance of which now grows greater 
everv day^ for scarcely a month pa^se^, I might almost say not a week, 
that ssorno work does not uppeur which adds some unknown fact or 
mw iheory relative to it* 

It ha^ to dll with one of the questions which in the whole range of 
parasitic patliology can, with the groatost right, claim to be of prac¬ 
tical importance. The ilangcr fronj the ortliropods is a direct con¬ 
sequence of their habits. It only exists in cxmiiection with those 
whwe habits are to seek association with men and domestic aEiimak, 
to bite them and to suck their blood. 

Everyone knows that a number of species, such as mo^iqiiitoes 
and gadflies, puss a conHiderahlc part uf their time in flying from one 
victim to another, in the same manner that bees wander from flower 
to flower. Lot us suppose, then, that in the course of these wander¬ 
ings one of them happens to fasten itself on an individual ufleeted hy 
II parnidtic or tecterial disease, the agi nl of which livi^ in the hJooiL 
In sucking the blood it ah^iorlis also the germs which arc contained in 
it* and thus is infected. Should it tlien attack a lienithy pemin there 
k danger that it will inoculate him with the di^ase. Tlik U why 

•Tniaiiliiteil by [lerailesloa frara Anno lea do 1ft Socl^t^y d*A|?rlca.lt ure^ Sdenceji 
et loduatrli^ de 11300, pa- 
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the biUng nrid giickitig nrtbroporls (I insist on llie&e torms) reepntly 
con.sideml ns simply trcnibl(?stf>ine, vexatioiiS| uncoinf«rt 4 i 34 LS 

and diiuifri*Geiible. have to be looked upon toKlay os capttijle of Un'otn- 
jRj;: t’arriers of infec:! 101:1^ iigeiilif for the propngntson and 
lioti of diteu’He. Tins is why it wiJl be uiidendood hencfiforlh tfiut 
man and iliv domesiie animals are it> c^rtnhi a^eetjoiLs, thi^ 

g^'rms of wliidi sire iJitrcMhiwJ by invcrtels-ratc bliHabsLiekem which 
lliey liave pre%doni^ly drawn friifn the rertebr,tte. 

Sudi the nictluHl of tins new rdks which I wisli to try to ex¬ 
plain here and whtcli modern rescarcties have shown to be of more 
consecpiPisw, especially in warm conn tries, than coiihl haAc lH?en 
hiispcctei] previously; iniich so tlutt tJm value our colonial 
domain is subordinated (the word is not too strong) to the disi^very 
of the projier means of neutralizing the pathological action of 
unimalsL 

Tims, these arthropods, which ten years ago had only an ordimiry 
and ptindy zoological interest for us, have a.ruined prime importance 
IkjiIi from a niedicu] and a hygienic point of view, imd esjieciaUy in 
tropical countries. The principal forms mnnected with the 
distijvericH ij^doug to the onicr tbpteraf or to the family I sod idle. It 
has mm lieeii i^stnblished that they ore the side agents of inixaihitUai 
of seven dilTerent tnnfadies, iiuiuely^ inabiriii^ tilariosis. yellow fever, 
trypaikosomiasi^ plague^ piropliisiiitkHis, ntnl spircMdinetusis. 


A. PAtrpiHsi, int MA]^\iijA. 

Oommonly calletl mtilarin« intennittent fever* ^wamp fover^ or 
simply ** feversj’^ puludism is, according Lo unanimous opiniont the 
tmQ human disease which more titan nuy other prevents tlte acclima- 
tization of Europeans in warm eoutitries. It is dijn to the invasion 
of the hlocxi by esLtremely small sporozouns lodged In the red blcKx! 
^^o^pu.s^des, whence is deriv(*«l the name of endr!>globular li^^iimtoz^iauB^ 
wbich it is the cn^itom to give them. They belong to Llie gen ns Pfa^- 
mid goniprise many Bpi^eies, such as Phisrn&dium jn&lfiriiT. 
tlift agent of f|uartaji fever: PimmadhtTH the agent of tertian 

fever; PW*W^^aJ the agent of irn^gular, or spring and 

fall fever. 

^ For long time it wus not known lo what theso wciv. tine. 

Soine .sii,| (Uiit llyvv wi'rr diK- lo niiitvljcs. wheticf tbfl tiHJiie piihulisJii. 
It W8.. also ■«ia thr>’ w..,o a-Tivotl from the iiir. tU(‘ .mme 

^hidi mnins ^ Ud mr.^’ Finally, h ^u\ thol they 

rame ri.m the when™ the name telliirisn,, which was uko 
apphefl l-£i the disease. 

x™. at .1,,^ All Ui. aiioloBi™l ™,options «cre 

»Tong, ...d }« oiinkuKl tni- twenty centuriss nwttd an those tnise 
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theory «f wbicb tcMlny nothing rvfnain^. Tlw firnt ray of Jight 
ap|i^unfd in 1880, at ifvbkh date one of our niBiidjej^ ijiveniiit dis¬ 
covered at Constaniinc the hofiiuito^m which today t^eara hh no rue 
(Jig. 1). But the veil of olj^wtirity whidi etiveloped thin itn[>ortAiit 
question could not- be completely di^ipated until 18S)8. 

It was at this time that a p^up of students^ nt tha hetid of whom 
should be placed Grassi and Manson. demonstrated in an irrefutuble 
RiauncF that the parasite of malaria Virns intm- 
ducctd into mun by mosquitoes j that pas^sl 
from man to Ibe mnsquito and from the nius- 
quito hack to man again, nnd thus on indefi* 
nitelv;^ without being for u single imttant, even 
the thousandth of a second, lUjc'rated into the 
externa i environment* Consjequently, in spite 
of what was thought for centuries^ none of these 
mediums, neitlwr the uir^ the water^ nor the soil, can cjiuae tnii- 
kria^ and these Lteliefs become henceforth a part of the histoiy^ of 
medicine* 

There is one extremely important fact: Not oil species of innst^ui- 
tijCH nui imqmgate mahiria; only thotfo wlijch^ in the foniily Culioldiiv 

lielnng to the tribe Aimphelinu? can assniiie 
this rTilct ^intl Hie tiiosl dangerons of the 
si|MHTies from this jioint c»f view’ ane lirst of 
alt ilie Amphek^Jt wdiirli U 

liy far the nitjwt rcilouhtubk: then . t. pnetut- 
opiehiK^ vl* sUperpi/:t~Hs^ *1. hifurcfitv^^ A* 
and finally a lasrt specif^i* 

phorm 

The proofs which ona can give to-day of 
the mosquito theory are three* The first is 
that of Grasd, who, in iBtlS, in aasiiciatlon 
with Bjgnuml and Bastiimetli^ was able to 
follow the evolution of shiv by 

day in the bcalios of mosquitoes which had 
[iHft'ii made to suck blsxid affected by ma¬ 
laria^ showing thus that the purasile could 
penetrate the insect, remain then* a ^M-rtain 
timci and then leave to immediatety Ui 
man* These students have also cstabli^Hheil 
the fact that while in tlie the 

haMuatazoan undergoes profound transfornuifiiun eonjitituting a veri- 
inhle evolution, and tliat tin* intimate meclianiiiin of the transnus^sion 
was as follows: The parasites sucked in with the blood lay eggs in the 
sitomach, which eggs encyst ihcmselves in the walk of the fitojuach^Rnd 
produce n multitude of little vermicular sporeis Tliese^ set at liberty 
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by the hreuking open of the eyat.Hrc eame^l by the blood toward She 
head, then into tlie prolicH^ijs of the insect, wlikh inoculates thena with 
evenr- bite. Tlio ^eond pmof is this: One can voluntarily prod nee 
innkria by causing healtliy inclividiiuls to he bitten by 
Intent ion ally infected. This experiment was carried onl by Patrick 
Afansijn on hk own son. The third proof h as follows: Mu lark can 
Ijo uvoidecl by taking die single pretTaution of jirutefding ono'ss self 
from the bites of niosquitoesL 

. This results from the es]>erinients of Sanibon mid Low, who, with¬ 
out the least accident, were able to pass an entire summer in one of 
the most insuliibriaiis places of the Romiiu caitipagna. by simply cov¬ 
ering the upeniiigH of the liouHO with wire netting of sufficiently fine 
mesh to prevent the iicce^ of the Cnlicida*. 

In order to remove all doubis SiuulKin and firo^i tindertook, in 
inOO, a seric;* of expcrimetils which sbowetl ubsalutcly tlie role of 
die An^pkeUs in the propiigutinn of fevers. They were innde on the 
dibciplinefJ f>crsonne] of the rnilroad companies south of N^oples, in a 
region where the diseo^H! is so endemic that it is calltHi piano di 
pi^io/- They cx>nsisted excltiaively in protectiog nil the inhnbituiits 
of a giveri zone from mosquitoes, while those of tlie ncighljoring 
localities, who were not protected, served as proofs. The results 
furnislicd by thei® esperiments were marvelous. In llS individuals 
of the protected stone not a single case wm produced, while the jier^ons 
in the neighboring unprotecti'd^ zone fell i«iek in the proportion of 
41^ to 50, Tlio proof <mui! d nut have beeii more striking. 

Afi regards the objet^tions which have been ruude to the mOiHqiJitcs 
thetiry* the most serious k that in certain marshy lands thera is no 
trace of tn order to verify the truth of this uhservation 

liflveran organiziHL nround the entin* earth, u vast inquiry for the 
piirposu of e^tablisJiiiig a list of the mosquitoes ])eeulipr to every 
mnnfhy region. Thus far the mcpiiry hits showu;^ Hrst, that there arts 
in all insaliihrtons countries; second, that nearly always 
iibundam^ is in direct ratio to the frequency of fevers; thirds that 
the pteteniltKi aksence of tlieso dipterDiiH insectwas due f, imply to 
inadequate ctsllecling, often undertaken but once and at a single point 
in the region. 

Another objection k, so to speak, an itiverMon of the lost. In 
certain sulubrioiia localities there are Anophehn in nbundance. That 
is rtadily cxplahietb however. Warn® it is evident that mosquitoes 
can not bccoiiia dangerous until after thev liecome infected—that R 

uttrr «K-k«l .!,« ,™„ b,„ „h.S 

in tlio country they ean not become wintuminatod, and heuc© rciiiBin 
InoJfensive. 

To .-uiiimarinf, one can nirinii lo-dny. trhtuHit fear of bcimr 
taken, that the Joelrino of aiioplu-liani triumphs everywher^ and 
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that the law fomiulatfit! hi the beginning by ttrarai, namely, that 
ibere U no malaria without Aiinphelhieij, b always irue. At priisimt, 
if one wishes to’deny the role of mchrfiuitoes in the propagation of 
fevero, it Is neoessaty to deny the evidence. 

Alongside (he mitlnrin of man, \vc place the mala Ha of birds, not 
that it is of groiit meditul iniportuncc. but Iweause, although it (a?curs 
in qnifp n large number of wild birds (spiiriows, birds of prey, etc.), 
it luis Kcarcely betni notieial thus far in a siuglo domestie bird except 
the pigeon, and in ono game bird, llie partridge. It has had a 
scientitic interest of the firsl rank, however, Iwcause through it was 
first discovered the inocuialiuii role of mowiuitoefl. It was this which 
opened ibo door to tJie important researdiai which we iiave turn- 
iioned on human lualarin. 

Malaria in birds is almost always due to an 
endoglolitilar htematoKOan very claHcly allied to 
that occurring in man—ilie Plasmodium ditiiil- 
titeskyi (fig. 3). 

Some numths before Grosi’s investigations 
were undertaken, Uo#s showed that this pa nisi te 
was iiitruduccd into birds hy mosquitoes be¬ 
longing to the genus Calfx, and cspceially by 
pipiens, the common S[>ecies so abundant 
in our [Mirt of the world. By this roiiinrbiiblo 
tliscovery. Bo^m JjceaTiic the real originator of the studies which fol¬ 
lowed reluLive to the role of inscett in the transmission of diseiise, 
I-'or this reason, I must mention his name Ln this review, in order to 
give him tlic credit that is due Idm. 

F. KtUVttlASIF. 

The B Is Has are round, filiform womis whose: habitat, Ixith as re¬ 
gards the organ and the species, varies c-iitremely. Thus, one may 
find them in the blood, the lymph, the serous membranes, the glands, 
the connective tissue, etc„ both in man and in the domestic animaLs. 
Hiat wliieh should be rtunembered from the outset is tliat wliatever 
may lie the location of the adult, the embryocs of many of tliese forms 
live in the blood. This b the case, notably, with u tibiria of man, 
the Filaria biincroftL which in adult age is found in the lymphatic 
vessels of the skin, while its embryocs spread through the blood, 

Xow it is singular that these embry'oes remain hidden during the 
day In the large, deep vesselfl, and that they ^saout into the periferai 
circulation in the. night, or strictly speaking, during sleep. This 
circumstance led Manson to think that the agent of transmission 
must bo a bloodsucking insect of nwturnal habits, and to recall the 
mosquitoes. The mosquito hypothesis, put forward more than twenty- 
five years ago, could be completely verified only in HWO by the simul- 
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taneou.s bbors af Bnneroft on the one harifl* iiiid of and Tjow 

on the oLlier. 

These indefatigable invi^igatorK pro veil that if a man hit ten by a 
mo^tuito was affeeteil by filariasig, the etnliiy^oes taken in with the 
blood rcachixl the stomaeh, tl>e wiilLs of which they at once tmversed 
iti order to lodge in the maf® of the thoracic ttiu^li?$* Tliey remained 
twenty days in Ihh situation, and wcne tlier«* i ranFiformetl into tan'fe, 
and I lien pas^d into the pharyngeal cavity of the itiijeet, Tliencir 
they jiroceeiled one by one into the prolakseis, whirli ijKKTiilaled llictn 
witJi every bite, in the same niarmer, vfm^ 
r|iieti{Iy.aK it inociilatiiHcJ tlie riiuljinal phismoilintu. 

The Culichhv reiii>r>nsible for t1u>! tnin^jiiisston 
Iwloiig to the genera Anopkehs and The 

same thing happens in the case of the filaria of 
the dog, Filaria immUiSj which lives in the heart 
(fig. 4). Grossi and Noe established tile fact 
that this worm wa.^, like the prta?eding, couvejecl 
by and in iivinch it flc?com- 

ptisbed an evolution compnruble to ihat of iJie 
Fiiaria bancrofU^ except that the embryoci^ were 
transformed into larva* not in the thomcic 
inuHcles but in the malpighian tubes. 

The same course is pursued by the following 
Species: Filarifi rtscandila^ w'hich lives in the 
fatty perirenal tis^e of ibo dog, and is propa¬ 
gated by and abo. H is true, by a tick^ Fhi- 
pinepkaliiJt Filitria per^tans of the con^ 

ncctive liwstie of the base of the mesentery of inaii^ 
wbirii la cHinimoii in (tiiiana and Wi?st Africa, anil 
which, aceordiiig to Fcldinann, may lie transmitted iileo by a tick 
which has been descril^ed hut not name^l; Fiifina taffiati^^papilto^ii 
of the peritoneimi and eye of rattle, which n inucalated by Hies 
closely allied to the fiommon rt\> the FilHria medincasky 

which loilgcs in the snbcutaiieciiiH con native tissue of man, the horse, 
03t. and dog* and which b not conveyed by an iii.^t, but by small 
crustaceans* the 
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Yellow* fever is a dii^^aso of man which lielongs to the category of 
maladies called dbea.ses iltie to in vim hie, or nltm-microescopic, mb 
crobes, because the latter are so siiiall and attehuRted that uften 
they can not be di^™ed by the aid of the moat pow'^rfid objectives. 
The most extraordinary stippusitions have made regarding the 
origin of tJiis terrible disraae. The celebrated ex[H;riments made in 
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1901 by the AmericRii commi^ifiii in Cuba baVG j^hnwn tliat it ia 
exclusively flue to the UUc of ii fuo^^ijuitOj ml&pm. In 

fact, by forty dilferent repetitioiiEi this comnimiou waa nbie to re- 
prof luce yellow fever exjjerimeiitJilly by causing healthy mJivultuiis 
to Iw bitten by infectefl Sie^rymt/iQ. In lulclition these results whivli 
constitute a strikinp: confirmation of the mosqiiito theory, alre^idy 
iiclvauccfl twenty year^ i^irlk-r by rinlay^ were verified almost iiii- 
inE^Iiatdy in different places tit (lie sutue lime. Tn ly tfuilems 
in Ifavamn in IflOCi hy Ribas and Lutz at Ht Paul, as well as by a 
^■ond American cojfimlsiiou which workfKl at VemmiK; finally, 
iu l!>04, by a Frejich commisffion sent to Rio do Janeiro. As a rf^ult 
th# tninsini^ioij of yellow’ fever by niosiptitnc^ is rui iiiort* floufitci] 
to-day iliiiii thjit of malariii iind cx^rtain fortiuj uf Jikriii^ils. 

IX TRYPANOSsaM lA^ra 

Trypanoi^ofniasia* as one may g[uras^ is a disease caused hy the try- 
pa m^omest that is Lo aay, by miscro^jpopic infusorians wdth a fusi¬ 
form, sinuoiiSp or arched IkmIy^ of an 

undulating Intersil riicnibrLine and a tciminal lita- 
riient. tmllcd a thigelhuii (fig. 5), 

Tliese pariisitKT live oLso in the blood of their 
host, but with the difference, sis compared with 
Plmmodivm (which are lodged w^ithin the cor- 
pasclc^)i that they swim in the plasma. They 
therefore are exogfobukr hfcmatozoans. 

At jiresseat, nine species of Irypanosoines are 
known w^hich iin> rapaide of attacking man and 
dom^iie animnb. They cause, on almost the 
whole ^urfaee of the glolMv the t^pidciuira, the 
s^aijse of which long reiniiined si mystery, uwl of 
which the prophylaxis is one c^f the niiijor prob¬ 
lems of colonial expnnsion. 

Tbe most dangerous forms iirej 7'n/paHomm^i hrn&ei^ tbe agent of 
Jin Africsm trypsl^l^solniasis, tJje “ nagana/^ wliieh attacks diiellv 
cattle; JY^/nsumoma evamu which caused “surra” among hurs^ 
and Asiatic csittie; i r^panosoma c^idnsiia, Ihe iigunt of ^'cadentg^ 
among Anicrican horses; Tr^iMmmptiha ^^quip^^rdum^ agent of "Sinti- 
rine;” Trqimiiman^a which causes in nnin sin iiffeetion of 

which the two periods, the initial and the final, were quite rej.x!ntly 
stiil de^ribed ns two absolutely distinct diseases, having nothing in 
common between them- The initial period was called Gambia fever, 
while the final stage waa thn famous “^sleeping w'ell known 

to tlie Africiin colonists. 

In addition to these principal species, there are others, less imjmr- 
tani. and also Ic^ .-Jtiidiedt such ns Trqpanmoim which causes 
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iu Trujiavjijil caltlp the ‘^gnliciekte; Tiypar^ontmtiit of 

South Africnn nettle; 7Tr/p^t^o^omft dtTji^rj^hoii^ of CjAmbiun hordes; 

mmum^ of Lhp SouJajiese cuttle. The ^nitcr part of 
these parasites ure tran^tnittecl by the bife« of insects 
The T. brticei of nagniitt ■' is iDoeulutec] hy the redoiibtiible tliea 
known in iheeounlry in which the}- are fourait by the nume of 
hut of which the scieiitifie name is Ghf^inn. A little larger than our 
common fly, Mti^ra tliese tsetses ate known by their 

enormous proboscis, which is longer ilmn the head and is placed in 
prolungiition of the axh of the hmiy^ as well as by their wfings, which 
ate twice as liirire as the abdomen, (fig, fl), 

'fhese ioiiet'ts^ of which eight siw^ies have been dcscribe^i, are 
{lecuiiar to tropical Africa^ where they abound in forests locaied 
near water (streams, marslies, ponds, <!tCp), and w lit^re they remain 
conrealcrl in the slnide of trees and ahnibl>erj'. preferring certain 
kinds, such as ihc niitnosa, for example. Eager 
fur hlfHHk they seize upon men and anminl:^. which 
during the day traverse thes*^ wocxled regions, and 
bite them unmercifully. These tsetses are an ob¬ 
ject of terror to the natives, and in fact they eun- 
slitute one of the most serious scourges of the 
African tropica] $tone. AM the exjdorers of tlie 
country, and Livlngs^toii in paiiicular, havt? agreed 
in declaring that it was inipossihli- to traverse a 
t:^tsc country^ because the twrgk«v of men and 
beasts are destroycfi idniosi certainly iiy most epi¬ 
zootics due to the bites of thesso IMptcni. Thb 
suffices to show that the frhmiufi nmdena vast ter¬ 
ritories of AfHca al^lutely uninhabitable for 
cattle, and hence unsuitable for colonizatjoru which are otherwii® 
fertile and well-wateretl, and have a mild climate. 

For a long time the nature of thij; inoetdated disease vras unknown. 
It was said that the tsetses were dangerous because of a poison which 
they secreted, but no one wus able to isolate this puisom It was also 
said tliat the tsetfieii were clangorous because they inociilated a bac¬ 
terial virus, and charbon was spoken oL As in the case of malaria, 
there is nothing true in all this. It U known to-day, thanks to those 
memorable r^arcbes, the remembrance of which brings to luy lips 
the name of the man who was the chief iuvofitigmtor, Bruce, that the 
tsetses are dangerous not because of a vims, or of bacteria, but of 
trypanosom^. To man they give the Tr^panon^ which 

is conveyed by a pamenbr species, the p^lpalU; m anicmib 

they iriocnJate the Trf/pfinmamfi hrtiarl w|ik>h is carried bv all the 
other species of notably by £?. patimpe,, and 
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Jlany otlicr trypatitifiDtiies urc propagated by ^Imilur inean^ Try- 
of till mi k tarried by fleas {Tftbamin tri^picm 
and T- tincofa) and by the stomoxes It ie the samo 

with Tri/pfinoaoma eymuum^ wbi(^ is also tarried by fleas and 
stomoxes; with ?; theiten^ inocnJated by the hippobo^ {firpp&bmca 
and //, /n4ioul4xla). On the cl her hand, '^dourine to 

evade ibm rule, for tip to the present it is considered as propagated 
entirely by sexual unioa of the iusecLSv 

m. rj^AGUsL 

It is known that the faiibonio plague of man b dn© to a boeterinmi 
tin* and that for si.'wna time there was an agreement 

of oijinioli as lo tiie hiiportancc of the role played in the propaga¬ 
tion of this disease= on board ship by the rats* The discussion centered 
artiunrl the c^ntial mechanism of thk transmission^ when in 13r)8 
appeared the fatnons theory of Simdnd^ ac¬ 
cording to which the plague virtis was carried 
from the rat to man, not by the rat itself* htit 
by the intervention of its fleas {fig. 7)* 

Kunierous attacks were aiadc on this manner 
of explanation* and the special objection was 
brought forward that the liens of the rut never 
bit men. This Qllegatmn was, however* false. 

It has sitite been rectjgnizefl that fleas of rats 
and mice mayt from the point of view of their 
relation to mon^ be cla-^ified in two categories. 

ITiow? of the first group do not hJte men even 
after a fast of tjiree ot four day^. This b 
the case with Cerat^phytlm and Cl^&p»yUn 

mmeutL Bui others condisscend voluintarily to attack human beings. 
These are Pu&sp tiie ordinaiy flea of man, which sometimes 

lives on the bodies of ship rats; iterraHcep^^ the dog flea* which 
agrees w'ith the prweding: then two otlier farms pi^uliar to the rat, 
pultufi/M (closely allied to P- iVriYaa^i^) and P, murJntf)^, It La 
established, tlieii, by observations made aimultaneoiigly m Itnly, 
l‘'niinciv and Australia, that ship rats can harbor at least four s^pecies 
of fleas capable of attacking men. 

It rtmialned to a^wrtain whether these insects were ahlo to carry 
iha barillu^ of plague. The experiments of Gauthier and Kaybaud 
have, dace 1002, atiHivered this qu^^ion in the alfirtnative, they 
estahli^th ""that the plague could be inoculated from rats to mts by 
(he inlerventioit of their flejui.^ The experiment* it is true, haa not 
been repeated from man to maUj but this is ready uimecessiry* 
Proust did not hesitate to declare* with all the authority which at^ 
AM JtKo-40 
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meli&j to hie nfime, "" that the necessnry and snfficierit cotiditiuii for tha 
experimental transmission of the plafnie wbs the bitingr of a man hy 
the ileus of iin ijifeirt€Nj mt.*' 

^\Tiat jiret^edes cojicema the present iiiv[>ortancie of in^eets in med¬ 
icine, jijjd 1 have emluavoreci to show how in recent yoani the id45flt5 
rekLive to the [mtliologteal power of these animak ha?^ Va'ien stngii- 
brly Snijirovrd. But there is in paroi^itologj' iiiiotlu'r >^ibjeei of 
which the prnrlicd] imporliitiee iJi }ml as great ns that of the priN^ni- 
ing one. Tim h the role pluyod by ticks in iha dissemination of eer- 
tniJi disease Like the firsts this subject has been so diangei;l by 
recent work ilnit if, in order to coni[>urc them, one should place side 
by side two of its ck^icul expositions* the one made to-day and the 
otlier ten years n^y, th<*?5e espoaitions wmihl not lie in anywise similiir- 
T sihnll endeavor to prove this in the lines which folloiv. 

Tt is ^perfluous to recalt here the old condition of the qaestion^ 
known to everyone; my sliorier ami simpler task should lie eemfined 
to an indication of the nctnal stuie of the subject* 

First, 1 desire to say a word nr two to bring to mind certain neces- 
fMir}" points of liiology. The this* as cverytKidy knows^ are arthrorio^ls 
familiar to all^ ami especially to limiters, who call theni b\ the name 
of "rucins/' or ivood ITiey constitute in the order Aoiriiia 

tho family IxcMlidw, of which tlie prineipaJ genera are 

/Mrmffrrntar^ and The most 

of theiiHso far as ^lomestic aniinak ore concemedT essentially tudy 
lempcfrary pfiraHites, for they aitaek them only during one phase of 
tlieir evolution* that of the adult female* Butt in exchange^ these- 
fomafc can attach thcm^iclves almost indiflerontly to any of onr 
larger mammals, and U b an error to lielievei ns is frequently done, 
that each speetes of animal has ittj peculiar s|>eeies of tick. Indeed, 
there is not a dug tick, u cattle tick, a sheep tick, or a liuiiian tick- and 
if thb lie it 5s becan^^ from choosing their victims, the 
Lxodidii' ca>4 theniselves on the first vertebrate that eome^i ilieir way. 

I he^ parasilL^ fix ibem^lves on tlie baiy of their ht^ts in tlie 
integumerits of which their Ijviik is firtnly implanted. They reinaiw in 
I his? situation for u fortnigliL during wdiicli they' ronslaiitlv suck 
LdiioiL and they are then found under the ilouble iniluence of the 
niuiridtment imbtlied and the progeny which develops* swollen 
pmgtvwvcly to such a degree diat an individual measuring 3 or 4 
miUiuM lets long at the outlet ends hy lieeuming from 12 lo lli inilti- 
njctern longp 

At the mid of this period the female Ls ordinarily sjttiated. Shi> 
detaches liei^lf sponliinwiisly, owing lo inflammation and gangrene, 
w'hidi softeii-T the borders of the phui.* of impluntatiom .She tumbles 
tn the grtiiuici, readies a hiding place^ Hudi as the ho^e of n luft of 
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aud thrrp lays tyu^nKxinU-H <>f for u months wli^ii dies% 
At the Gild fjf four tn dx weeks these eggs prcHittee little hestipi'nl 
liirvfe uboot us tavj^ ns the priint of n pin, whirh bh schiti ii» fHK^sihlo 
pii^ to the tKxly of a vertebrate of snijjll &izc (reptiles^ birds^ or siniill 
jiiiiinniols, sueli as motes^ mice, or rats). There tliey utul nre 

transforaied into eight-footed liymphs; then into adult or 

females, whkdi mate together. Frtmi this lime tlie fertiJe feiiiuh'i^ 
leave (heir first heist, fall oh the ground iigniri. dimli the slinihlwry, 
imd from thence nitneh iliem^ielves to the first hirge animnl ihni i*funL*s 
wttliih reach. They then make their way into tlie hair and fix them- 
es ill plac?e by imjdanting their beak iii the skin. 

In tracing this course of development we return ogain to the stage 
of tlie female fixed and immovable; thnt is to say. to our starttng 
point* Of thi^ summary, let na remember two things which we fehall 
nml to i-eciili a little later, namely: 

First* Tlie udult females alone are parasites of man ur the dutiieMic 
animals; the Tnnles^ nymphs, and larva? reiruiin iii"dinarjly on the 
small wild vertehnitea, and only occasionally pass to tlie bwlies of 
our large momiuaLs, Wiim they do so, it is simply to move 
and never to fix themselves or to suck blotn]* 

Second. The:4! females Iiave during their whole life only a sltiglo 
large mammalian hosti and never two, n.s when they detach them- 
fiolves from this host and drop to the ground it is to lay eggs and 
die, and not to pass to a second host* Tiiey do not go frrjui one Uy 
uiiotUer, and mu nut, therefore, be carriers of virus in the manner of 
biting 

Blit it is ncee?isary to say at ornv that all kinds of ticks dn fi<it 
Ilevelop exactly in this mannern 'fhere arc ^^omc which in the nymph 
stage are parasites of o dtanestic onimaL At the moment of lieeoming 
nymfills they leave their first host to seciira i\ secotid* so that the 
species of this group have amoTig the large mammals two sticce.sgive 
hosts, one for the nimph ntid one for the ndiilt. Others nee parasites 
of domestic itnimals in the larval stage. Tiiey hove, therefore^ three 
snetessivo hosts, one for the larva^ one for tlie nytnph, ond o third for 
the adult- 

It is t^tublishedt in consequence, that from the point, of view- of 
their parasiiiau as regards man or the domesHe animalii the flilTereiit 
j^pecics of the rxtHlido? group themselvKi in three catsgories, aecnril- 
ing as they seek one. I wo, or three hosts. As we siiall see in a momern. 
It is a iuologicnl fact of the lirat importance in that which conceriiii 
ihe explanation of tiio pnthngeidc role of the ticks. 

This zoological preface being finished* it ia necessary now to go 
to the foundation of the subject, which tom prises two parts. In the 
one^ we aliull indicate the facts. In eniimeratiiig tlw inoculated dis- 
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mffi wft *^hiill shp^ the mngnittide of the <^f the pathogenic tick^ 
Iti the other we i^hall ffcek the cxphiiiaticin of these facUt ihiit is to 
say, the mechajiiHni hy the aid of which thiH rv»le can 1 ih? played. 


THE PATIIOUJ^NIC KOt^ OF TIIE Tti'KK, 


Ii WPS for a long time, anfl iiiany perHcvnaJ iK^lieve. 

tInU tJie ticks are hioffensJve i^amsitesv This is an obtFolute error. 
It ha_s been eompielely eslahlishixh iiideeJ^ that thry are the jwcesstiry 
ugeriti Jti the propogntion of mnny parasitic diseasetr—for example* 
pirophistDOsiSr spirochielosis^ and **' water-heart.” 

d. Piroptmmosi^^Tlm pirc>plafiiiiioses are ct>ntfigioiia afti^'tions 
ilup to an mvasion of the blcMal hy sporossoans allied lo the p!ji>ino<liit 
the stx*ctfts of Piri>pla«m4i^ Cuniposwl of a nmall nniss of protoplobin* 
gtuhiilar^ <ir ]>yrifornu of frt>iii 2 to -J luicruioi in 
diameter^ aurronmling n minute ntidetis (caryo- 
-v<niie)t these panifiiliwaiv inclosed in tin? red txir- 
where th^^ are gi^uerally grotiiwil by 
twos, Sometimef?* however* tliey are .‘jingle^ or. 
on the other hotici, united in grtui[Mi id 4, or 


© 


lC(fig. 8), 

At present six different species of Pir^plttjnn^t 
are known J Pir&plafien 4 i bigerninwH. the agent 
of bovine piniplasiiiosis: /*- cafik^ the agent of 
canine pircpplaiunusia; ^y*th the aj^uit of 
equine piroplahtnofeis; P. the agent of a 

sj>ecial lK>vine piropIahniosLs, called trc^pical or 
haeilliform ( East Gwisl fever);; P. 
agent of human piroplasmosis {Kahi-amr iinJ^ nceortling to Hrstiil. 
probably' al;h4> of b&uion d^Ori^iilfiW tropical ulcer ; Biskra carbutiirle. 
Aleppo carhunclcj Delhi earbuneltv elcO^ But this parasite cliffer^i 
sufficiently from the otlier piroplasms to cause cx^rtain anthoi^ to make 
it the tyiw of another gcmiifi. Lchh^uaitmij, At nil events, at! thc^ 
hiematozoans are inociilnteil into their liosts by the piitictnr^ of tick^i- 
This fact has iKien more than abundantly proven^ e^jjeciLilly by 
.Smitli and KilboruT and confiniieil liy Koeb and Ligni^rcs, for the 
ordinary' bovine piroplasnio^is; by Ijouiiilboxy for the canine pim- 
[jlaisnio^b: by biotas for the ovine piropbisiaosLsi and bv Tlieilei-s 
confirmed by L^veraTi and Tall^* for tlje trnpieal piroplasniosi^. 
^^rtiPso experimenters have shown that one can vnluntitrily pmeinro 
the piroplasmosb? by causing h™Uhy animals to lie bitten hy ticks 
intentionally tiiftHHed, The speeii^ cfi-hcernefl, hnwever, %'nry iu'^^^i’lI' 
ing to the piroplastn employed, and also aecurtlmg to the region in 
which it isexaminwi. 
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Thus, boriue piroplusmosis is inoculiited by Rhipicejftfiatm ^anffum- 
f /?- mnuliituA (fig^ 1<3), iUid R. ]>iropla.sniDsis 

bj^ ririnus. /. (fifr- P^mutvuior 

ifig. li!)- iiiiJ nmnnpA^Jxtiita 
lemhi, Ovlij^ piriipL-iianoais 
ti^RiTnittcd hy RhipicEphaim 
hitrait^ i?i]iiine piroplastnosis by li. 

€Vfw/ip/ {Tlieil^rr, 11*04) i tropical 1 
[>ircjpl(ism<3e.is by R- tippendi^hi- 
tua ii!id IL iimm {Loimsbury* 

Thpiler, imi) ; muib finally, Im- 
man piroploi^iiifisis may be eon- 
vpyptl, At ifjulmK* by at> ixodbl 

fillied to ArgiiW; die Orf^itieNlerna 
(CbrLitopitprs and Bono- 
van, 11*05), 

S\ —^Tbe spiro' 

ebiptes fire spiral nncTO-orgTiii- 
iMiiis, the e:t<ressivc]y slender Iwfly 
of which possesses n filiform lui- 
ekuji and a Uterol, imdnJatin^ 
meinbram^ wilhont ji flagellurii ihg. UK Ciassified t<i-day iinnwig 
1 1 10 baderia^ cmseqviently in the vegetable kingdom tlieise nticrobes 
have quite n'orotly fl.«Rif*riatcd wjlh the tiypaiiosomi.^ by Scluuv- 

dinn and othei^s; that is 
Ui saVt are rtganied tts 
^iidinahL The grt'atrr part 
qf theu^ live h free Ufe^ 
Ix^ing iiqiiqtie. uniniak, but 
some niv parasites of the 
bldoch where they swim in 
the pksma. These are, 
therefore, uxqglohiihir 
ha7mato:£Oan^^. 

But it is known already 
that many diseases cansetl 
by tbem are propagTtted by 
the iscKlidjv Thus, reciir- 
rent fever ht man, due to 


Tm. D—iTjwlfP Male. V^- 

rrftl upMfL Aft^ g4(miaQ aeiil SUlitii. 




Vtatnl 


.St»rack<ria Qbermeierl, which in Europe h tninMiiittfti hy l^dhugg 
iAiufithm hctnhria)^ is transruitted in West Africa by certaia ticks 
whici> arc still uniileiitifiLHi {Welimann, 1&05>. Tick fever, another 
spirocluctosis of Ceutml Africa, due to a spirocha-t very closely 
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ultied to, if not identlctil with, S. oiermcieri, U inoculnteil by j)iinc* 
litrfii of Omilk^dotut tnoiibala CRoss imd Mibie, i*.K)4, rotifinned 

experimentnUy by Dutton and Todd), 
Kurnpatti, a third human eplrncha'toid!-, 
wbieh nfflicU the basin of the Zaiubosi. 
is carried hy tho ^kiifu,** n tick wbicli is 
not well ideplifieil. 

The s|>irotfhHitoflis of fowfl. diio to *S'. 
ffallijiarum, is disseminated among Dm- 
ziliuii fowl by Arffm mimaftm (Mar- 
dioiix and SalitidK'nt, 1&03). Bovine 
aplrocba>tosl 4 , (hie to S, tkeihri, vrhicit 
Phi. 11 .—Twh jniirwidsfi* iJ % wos oljscrved inutile Transvaal by lIudUT 
uu Tii» jije CuiiilWhis hv Zieiimnn. is 

Aflrr *VJi^ rarrK*d hy dfirQi&riiltiJf 

viio hueI (Tlieilerg coiiiimied by iintl 

Valine* IDOrj). It is i>rotmbly the siunD tor S. ovim^ wliieh bus 
fiiiinil in llu' hhmd of sheep in Erytlirea and m tbi? Trurisviml 
(TlHJtkr), 

l\ —Flnallyi 

Uj dosD lliii lisl^ whicU is 
ulit'adj^^ipo Umgj it la 
netressan- to atl<l n clisieasc, 
dm origin of which is <iuite 
different frfpm that of the 
preceding one^^ ThiM af¬ 
fection, which afiUcts South 
Africun riimiimnisT is due, 
like yellow fi^ver. to an in¬ 
visible microbe, and Loito;^- 
bury, the expert eotoinulo- 
friit of the Citpe govern- 
jimnt. sbowcil in that 
it is prcipagnted by n tick 
allieil to liie ixodids* AtH 
liyomttitt Jtiihrtum 
in its entirety is Llie patlitK- 
g^^^ic work of tiie Ixddida^ 
of thiii action. 


Sllcll t--—nrrmoefurnr re I 4 fH i. V^ml 

Mpeet^ Afw S&lmcm and SiHh, 


ImI iis now SH? tlic niiuuie nnsdmnisan 


TiiF- mechanism or thk FAi:tjfK?EXir actiok. 


The role of the ticks in ttie transniis^inn of piropla^^osis and 
spiro^ bietotiis i.-^ to-day irrcfiilaWy UeinonstrateHEl as iniich by fact as 
by oliservatioii sikI experience. Notwitlistanding^ it h contested by 
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some biolfj^rlst^i, ax wliofte heaid Is an hult^^fEitigiiblc' pnicrUiEoner* ^fvg- 
niUy %vIjo, to flu? tiiiii" (if Im remaineci one of iliu mc^t imloht 

niiJ fwrstn sTing tttlveniat'i^ of die i^otliil ttii?ary. It Is iiceesijitT to 
confess that thi^ hcu^itation h comprchcn-sible^ u giK>illy port 

of the hisuiry of the intimittc niediiitiis-ni af this tniiii^missioii Htill 
escapes tis, >vhilc another part is very strange. 

However, hen? sire fronie of the i>ecu]inrities which are observed : 

(d) The Study of the evolution of ticks has shown m that in species 
having a giiigle large mamninlian hut^t the adult female alone Mucks 
Corspetpieutly, they aloiu? can moculute the parusjtf^ which 
tliis fluid coni a ins. The mules, nyfii|]Ii£v larva,^ rcniuin onJitiarUy 
on sinall wild uniinaliL At ail events they never hite men nor (lutiies< 
tic aniinali^. They are, tliercfore, inoffensive, and the feimites alone 
are dangerotis. That the nii.'tiosisiie.'tt is confinciL tn one st's h the firi^t 
peculiarity; the second is as followss; 

(f/) A priori* the role of a carrier of virus seems tn necessitate 
for tlcksi a>: for sitizcesive transfers from one Imst to siiHrther* 

Tims it (ran easily include the species of granps 2 and S, which, in 
tiim. an-! transferred to two or three hosLs. One can omcjeive, for e.\- 
iimple, that e<piine piroplaisniosis may bt? carried by iChipk^cphtilftn 
which has twfi flurcef^kive hosts, and which, con?ief|uentK% may 
be infected as ji nymph and inoculate as an adult. ThiLs, 
Piropktmui may I# incKtilatecl by RhipicepAjdus apfM>udk-it- 

htiM and fi\ mmu«^ which have three successive Imsls, and rimy be 
irsfected as larvtp, or njTnpbs, and in (consequence transmit the 
infection in the HucC(?edingstage; that is, when nymph or when adult. 
But for the spiecies of the first group, which during their whole life 
hcive niily a single large-mammal host* arid consct|ueiitly never pass 
from one to another. I lie role of necessary carrier which is aLtribiitciI 
to them is in direct contradiction to their habits. However, thb 
r(!de is nn iiicniite^lable reality, but it is carried out by an indirect 
pr*>eess of u most singular nature* It is knmvn to-day, owing to ex- 
]>erimcrilatioii, that the young femgie tiefe of an infecteil mother ure 
themselves infect(fd* and that they con Inueulate their parasiles Avh(?n, 
having become adult/they in their turn* like their mother, pierce the 
skill of an animal. The proof is furnished froin different tpiarters 
Ejo far us pirnplasiiiosis is concerned* For example, I^unHbury w rif (>3 
that the progeny of adult tkhs {/J^pmaphy^al!^ leachi) fed cm nick 
dogs can trunMniit the disense when they bocome of adult ogCt birt. at 
this age only. In the larval and nympU Mtage=i they are alisoluiely 
innocuuus. The same has bcfcn c^tahli^hed for liovine piroplLisniosls 
by Smith and Killnime and for ovine piropksnioMts by ifntus. 

It rcMults, tlierefore, from these researches that the ixodids of the 
first group cun only traniimit the genus of disetise by the interven¬ 
tion of their descendants wbea the latter arrive at adult age* Thesu 
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pani5it433 fnn only bm inoailnted by tlie yoimg tit^ks of 

wlikh nre iDfeeted, and the propagation of piroplamiosifi aifortb the 
piirtioiilar information that tht pimphsm pns^ea fnini invertobrat^ 
to vertebra teSr not by tbe inwrrebnite it?clf+ but ljy its progeny. 

In order to understand Lbis it is necessary to admit that tlie dis¬ 
ease germs gatliemJ by the yoking aearian progeny of an infected 
mother lift VC been transmitted to them by tlieir parents, wlii<^h is 
equivalent to paying that among ticks piropla?nio@i« hi hereditarj". 
This, then^ h the prcuUarity in the mode of action of \ichh tlnit the 
transmission of the parasites b effectefl not by the aenrians whkb 
have siieked blood, but by their descendants as the result of brrerbty. 
flow b this heredity produced! Tbb is a question which Htrience has 
not yet aawerc<l> 

One nia}" believe, however, a priori, that it is due to the fact tliat 
the infection of the body of the tick by ilie pimplasmB afect, among 
other organs, tlie ovary and in consequence the embryos. In return 
tiic eggs derivcil from these fj%m!es arc llicmselve« ptirusitizech aa the 
infection may then be transmitted from the egg to the larva, frum 
the larva to the nymph, and hnally frodi nymph to adult. 

If thb supposition becomw-t, alL the individuals htim of an infecteil 
mother should \m infected, but as among these iiidividuabi the adult 
females alone bite domestic animals it results that they alone are 
daug^-rt^iis. Tills is a fact which we have already noted^ and which 
here finds its explamtion. The hypothesis of an inh^-tion of the 
eggs recfoivei;! valid support fn™ the tiljservationfc made by Siegel in 
HKia on an lurnintcu;uan allied to the pirojilasins— 

It lives in llio bltxxl of the mar^ tortobe, and its imme¬ 
diate ho?it is a leech. IlmftrHturia for Siegel fnEind the gemts 

of thb parasite in the a^phageid glaudi^s and in the emhryoes of tlie 
leeches^ Tvldch pmv(^ that there was an infection of the egg, 

Similar facb were pointed out by Schaiudinn in the same year, at? 
reganb tlic hemugregarioe of the Ibard, but tJiey arc more con¬ 
vincing, because this time the intermediate hos^U. as far as obser%Tih 
are not only Iwcltes, but ixodids like the piroplagms. The strong 
light thrown on tlic snbjfK.! by these discoveries clearly |>prmits ns in 
suppose that for the pirophisnis, as for the heiiiogn'gnrioi*, hene^lily 
ts due to an infection of t]io egg. 

The question may he asked. Is it the sa&me for Ihe splrixdnets! No 
one (|nows at present, but at all events it is Lidicnteil by the researches. 
Already in IWa Botrel and Miirdioux showed that spirochieiosb? of 
BroiiilinD fowl indicated a genevalizetl hifeciion of (he tick bv the 
Hpirotduet, and tliat this Infection iuvoIvikI especlaUv the ovary* sii 
that it k prtihnhly hereditary, like all the plropluttu^^^ However 
dial may Iw^ the here^lity of pirophismcKbi among ticks is of prime 
importance^ os witbuiit it these diseases would not be contagiou.s. 
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being prodiited by iiotiiijs of the first group, which attack only a 
single domestic animal and do nol pfos from one to another, comse- 
qiiently being unable tu carry the virus. It is, then, alone due to the 
hereditv of infection among arat;liiii<hi that piroplnsmoshi is trani-- 
nijssibte fn»n a sick animal to a licalthy one, and this heredity appears 
to us, therefore, as the necessary coiidJtioD of the propagation t*f 
infection. 

Pirnp1a.smo$is is the best tyiie of hereditary discuses, in the jiroper 
sense of the word: that U to say, those which are transmissible fttrni 
parents to offspring by means of infection of the i;ggs, an infection 
sufficiently liinitbd, of course, not to arrest the development of the 
eggs, cause their death, and heriee produce n parasitic oa-stration. On 
the contrary, many of the diseases emtaJered as hereditary—tilla-r- 
culosis and syphilis, for e.Yuiup]e—are trananiissible from mother to 
child only through an accidentai lesion of the placenta, permitting 
pa^ive passage of germs, 

(c) Kinally, a third point jn the isodian theory will detain ns. 
namely. Under what form is the parasite transmitted by the ticks? 
Ts there a simple inoculation of germs, as by a lancet, in the sunns 
fonn in which they have been received by the acarian. or rather is 
there u veritable development of the Plasmodia in the niosiiuUoes? 
This question is still one of those which it is impossible for ns to 
iiiiswer, because in spite of the niort assiduous efforts it has not yet 
tteen pitssihle to find the least trace of piroplasms in the Iwidy of ticks-:. 
Quite recently, it is true, tlm celcbrat^ German microbiologtst Koch 
imnuunced ihnt he bad seen something,” but thr description which 
he gives is so vague that really nothing positive can be gutheroil from 
Ids cammunicutioii. 

Simple inoculation, tliat is, the mechanical troiisportation of the 
viniH Ls ]ierhn{is po-wible in certain cases, notably for ihe lickiS of the 
second and thini groups, which transmit as nymplis, or ns adults, the 
germs taken in in the preceding stage, but it Ls not probable as rt'gards 
Ihe ticks of tlie firat group, LoimHiniry, indeed, has shown that adult 
ticks, transferred from a sick dog to a healthy one, never transmit tin* 
disease. On the other hand, we have seen that tha inoculation of 
piro|dasms by tlie progeny of an infected tick is possible only in adult 
age- It. is Iriie Hmt this is not allogetlicr general. Thciier, con tinned 
bv Ijiveraii and Valine, showed that btivioe piroplamnosb am] 
spirocluetosk are, in tlw Transvaal, inoculated by Hhifieep^hi/t 
XcofoiwlMa, which arc the progeny of infected mothers wbenUey 
reach the larval stage. Further, the limitation of danger to the adult 
females may, as we have already shown, be explaiiunl by the fact that 
normally these fcmnles alone are parasites of domestie aniRialt. 
Nevertheless, this peculiarity leads one to supposs? Unit there is an 
evolution and |ieruiits one to o-k whether in the course of its migra- 




Uori thruutb tin* JifTt^r^t evcJuUoiian’ ^tngeb of tlw? licks (egg, larva, 
nymph, anti adult) the ^sporoxoan does not itself undergo a iSeries of 
truiij^foriiiations more or less comparable to those undergone by the 
pnludic phismodlum in the body of the nio&{]uito. Probably, then, 
this evolution cjin only reaeU the linnl Jftage (whicli is the format ion 
of spores that are still hypothetical because they have not been seen) 
in the organism of the odnlt tickSv It I'oultl thus be explained 
wby the Innw ami nymphs are tiieapable of inmnilating the disease. 
They t^ontain only the piroplastns at an intemiediaie stagi% in which 
their iiKK-iilation into vertebrates would be insufficient to i^prtKlnnr 
the a Heel ion. 

Here, again, tlie byi>othesis of a lierelopinent b iTudk*mJ more 
prolialilv by ctiriiparisi>n with the facta regarding the hitanitgrt'garine# 
of the lortoii^ iJiowti by i^legcl. As we have already said, Uie 
spor035oaiL'4 [k^rfomi u true evi>lu|ioii in tlie witli the forma- 

tinn of eggs ami sporesT anil ihis scfircely leaver any further doubt 
regarding the reality of a simitar evolution of the pirtiplasnis in the 
liudy of the uearian. 

To summarize; we ought, indeed, to recogniise tliat it ^tiU 
known how the yiomg fetuole ticks of infectiid mothers pnjpagate the 
diwetLse. It b probahle tliai the spores exbt in the sab vary gbiuU, 
but it has not l)een possible to establish this so far. -Vs we said at the 
beginning of ihb chupler, the mtkuate jneclumi^ of the i.x<aliaJi 
truU-HTnii^ion still remains mysterious in timny retfpectSw Nevertiieleas, 
there is not a swingle rnasoti to deny this trnLtnanifislon itself, w'hicb b 
demunstrated by m many factn^ as some still doL 

Sndi b the real rtdatioii of the arthropods to [pathology, AVithout 
doubl, unfortunately, die list of dangeroiiii spoeies is far from lieing 
cianphne, ami the riMlmiblalik faculty of pmjni^^jtirig diseases does 
not tie long esclii^^ively to thoso animab in wdiich it has t>cen recog¬ 
nized thu!> fan 

In closing, I would inquire whether the discoveries which I have 
repeal led, and w^hicli have is> great an interest from the [K)iiit of vucw 
of pure science, have not already had some praefical elTect on pmpliy- 
kxis. Fortunately, one is able to b^iy that it h due to tliem that 
protection Against diBcasea can l» tumecl entirely in another direc- 
Liciii tbnin has been done. Owing t<j tbem^, one can undenjtand that* 
in tmicr to Iw established on a rational IjasiA, the combat against 
Uiesi" rtlFections should lake note of two things; Gtst, the destruction 
of biting iirthropods wherever it w pc^ihle, and to aa great on extent 
11.5 possible: second, the protection of man and the domestic animals 
agniosL the aHaeksof those which escape llii:s exterminalinn. 

To give an idea of the results which can Ije ribtainwi hy the system¬ 
atic practice of these two principles wc will recall in o few "words 
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wJuit hsis been done against mosstiiiitoea. In urder to ilevelft|>, these 
insects have absfibite need of still, stafpmiU water. It b 
nil ibe irtjrface of these wuters that the feinalts lay their egijS tmd 
that the larvie and nyiiipliii live. The presence of finiet waters, such 
a:* lakes, swamps, ponda, jiwjls, or puddles is necea>aiy for the ovolit- 
tiim ttf the Culicidn' iiliti this nooesaity is felt by tiicm all. Thus, it is 
well known that there are certain towns which have an uhiiinlnnce of 
water have also the doubt fill advantage of being literally overrun 
bv mosquitoes so that they are rendeircl almost uninhabitable. Thw 
is the case wutb Venice, Mantua, and Livoiirne. It is also well 
knowo that at Slajungo. Miidagnscar, for esample, which hicks fresh 
water, there are few mosquitoes and the place b very healthy. 
Kosiv-Ue, oil tla.' contrary. jKissesses on aliundancc of fresh water ami 
ia-auiifiil, Iwsiiriunl vegetation, but also an nbiindunre of mafipnloea 
and constant malaria. li is also, for the same reason that in our 
great African island the [ireisencc of rico plnntatiotis causes a recur’ 
rence of fever. Soon after the rice is cut these plantations uro 
flmaled with stagnant water intended to ha.stcn the decomposition 
of the roots. The whole region is then transformed into a veritablo 
putrid marsh, verv favorable to the development of niowpiitoes. The 
iiisaluhrhv ..f rire culture ims always Utm recognijaHl and it is this 
which catifcil Vivarelli tn say, “the rice plantations produce two 
tbingB—rice and fever. The crop of rice may be deficient, but that 
iif fever is alw'aj's obiuidnnl.'’ 

Coni^tiuently. there is no doubt that the presence of standing 
water is indispensable to the development of mowinitoea, and it is 
no longer doubtful that in principle the eschision of such waters 
results in the siipprwsion of Ciilicidnv This suppression Is (lossible 
in 11 number of cases in wbicti ponds, ptads, wells, and reservoirs are 
nniieccsaty. M'heii it is not ]Mi«aible Iwcaiise tbe reservoirs are nwes^ 
Parv the mosquitoes can still be destroywl by a simple process, Tt 
to pour a little kerosene on the water. This sntiatance kilts 
the larva? and nymtdis as they come to the surface for r^piration. 
The two mcafltirwi which we have mentioned, the auppressiotj of the 
stagnuiit waters and the use of kerosene, cause the esteruimation of 
the mosquitoes. They should be supplemented by a tliirtl, the. pro¬ 
tection of tiidividtials against the bites of those that remotti. 

Hie Ciilichla? arc nocturnal iiisect.s whidi conceal themselves diiriiig 
the dav and fiv only after sunset. It Is only necessary, then, lo^pro^ 
tect one B self agninst them during the night. This protection can be 
olrtained mcchauirallv by elosing the openingH of houws by means 
of metal Pcreen,s sufficiently fine to exclude the itmecLs, by ctivering 
the face hv an ample veil attonffbed to the hot, mid by covering the 
bands witii thick glovi^ inierevcr this triple means of protection 
is used tlioroughlv, the diseases caused by mosquitoes have disap 
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pearecL Havana, whidi iVBfi overnm vrith yellow to-dny 

heatthfuL Entire regions of Italy wbere matariw was enJetnio, 
Are entirely freed from it Ona cad thus judge of the momious 
progTws renlized by the prophylaxis resiulting from this single sco^ 
ological discovery, the rule of mosqnitoea in the propagation of 
ea^ It is true that equally briiliant rcauits haw not been olrtained 
in connexion with disensies transmitted by other insects* but the 
example of the mosquitoefl justifies great hopos^ and it is only ]>roper 
to rememlicr that the biological study of tsetse flies and fleas is 
hardly more tlian beguile 

Much remains to be done in a bmuch of medicine where progress 
U necessarily slow, for it is specially ocmcemGd with exotic tropical 
diseases, which can only be well studied on the spot by the aid of 
minions, not only dangerous, hut aiao very exponidve 

In ciosingt I can affirin that the friends of science can never put 
too mndi tnoncy at the dUposal of those students whfi devote them¬ 
selves to the study of colonial modlciue. 


^’ATUK.VL RESISTANCE TO INFECTIOUS 1>ISE.\J>E AND 
ITS REINFORCEMENT.' 


Bj Siiiiiw Fteaim, U. D.. 
Jtj)clte/rlli'r /if^H/uie fitr ifnllcat 


Common oltoorvationn early iiicjicnteil ibat individiiaU wf all aninial 
Hpecksj, uml of tlic biiman spccivs i-spwially, were very unequally sub* 
jfct to clUea&e. ^Tiis elernentary fact la iiiiprfcft«d every ilav upon 
the tliou-ihtful and has bw!a, from the earliesit times, the object of 
mirch ingpnioKi! speculatioji. Even to-day, and in spite of the ac¬ 
quisition of a wealth of new facts in pliyajologj' and pathology, we 
are not able to define fully the cnoditioim that make for or against 
diseaiic. However, tbo new knowledge whieli lias been acquired en¬ 
able* u* to see much more deeply and clearly into the complex meeb- 
anisni-s of disease than could be seen half a century ago; but unfor¬ 
tunately our insight has not Wn strengthened hs regards all dL-cases, 
hut almost exclusively in relation to the infections diseases. In re¬ 
spect to the other cla-^ or iioninfectious or chroaic dl-Mscs, among 
which are Bright’s disease, vascular disease, malignant tumors, the 
gains in fundntiiental knowledge are far leist great. 

It may be axiomatic to state that all actual progress in unraveling 
the complicated conditioiui of dij=«mj dei)cn<ls upon precise knowledge 
of its underlying causra; and yet in an age in which comparative 
igiioriince still requires that a certain amount of practice shall be 
empirical, it is well to bear in mind this notion, so that what is under- 
fiikcu through knowledge may he kept distinct frean what is adven¬ 
tured througJi ignorance. It has been to the lasting credit of the 
medical profession of an eorly period, when actual knowledge of the 
undferiying causes of disease liad not, and in the then state of develop¬ 
ment of the physical sciences could not, have yielded a single concrete 
fact, that one method—vaccination—and the most perfect one yet dis¬ 
covered of preventing a disease, and two drugs^uinine arid mer¬ 
cury-specific for two other infectious diseases, should have lieun 

•Benil nt utilFeralty lectllra?* oft public be^llLti at Culumtiln 
Xertr YorSt CUj, MuFch L R^prfnled, by punulaslou, tmm Tbe i^ijpuUr 
Mopthlj. July, iWa 
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foiiijJ aiitl ^ 4 > &iicci?Sr7fuUv jipjiUutJ, Hut in eciJUra.^t to Hits slow, pniii- 
fill, and halting adrniicv in prat:ticiil mifanij for llti^ relief nf snfTeriiigT 
is to bo placed thfl body of robust facts!. rie<|i]imi in n ijiiarter of n - 
tiiry* during llie present or bacteriological era in medicine, wbicli 
enables? us to view in ^loe tneai^ijrc tlie nicchanL^mif of ilUesse and 
clefeJiflO ugaiiLsl it, and wliieli ]ms |joiiitcd the way to ellicient mnde^ of 
preventL oHj and. In n fetv brilliant iiibtiinci.fHt to ihe production of 
biologicaiJy faerfect ineaiiH of condjating wrlain iJifcctious tiiakdic^ 
To proiltjcc a meaiiF^ as has Inhio done tlimngli the pi'rfectbrti of cn ra¬ 
ti ve scni, that sIihII strike down myriatb; of Ihdng pam^iiic or^iiiisms 
within the interior of the body, a to id mil Lions of sentzitive and even 
fH^ntient ceJk of the organs, witlionl inflicting on tliem the smaller’i 
injury, is indecil a great aecomplishment. And if I am siicces^^fnl 
to-flny in placing before you the main facts, now reveah’d, of the 
body^s manner of defen^so to parasitic invasion, yon will. F thhik, come 
to see ttiai if has bei*ji by imitAting natLirc*s methods and by uugiticn- 
tatioii uf the natural foroES of Jefcfitje that good has lH»i.>n acliieveti. 

The facts laboriously acquired, un which iIiIk pn^ontutioti will rest* 
Jiave Ijceii drawn from the study of spontaneous ilisonsc^—so-called 
natural disease—iiniong man and nnimiik, and from cxia»rifiiental 
diseases prualticed in animab. I need scarcely point out rhat Lhcre h 
really no uniiatiiral form of any more than tliere is n really 

natiirat one^ in all in^ances we are dealing with natural laws of 
health jiiid disease^ the diffetence merely lading that in one case we are 
often igntmuil nf the time and manner of entran^w of the iiifet^ttng 
gt^rins into the btKly, and in the other they arc fnirposcly introdnceiL 
in a predetermined eiheient mantier, in a pure state Into tlic aiiimii! 
Ijody. E>iiicc we arc so often ignorant of the precise m a liner of in¬ 
greys of the germs in the nonex peri mental forms of di&i-use. wc toon- 
clu<le from ihe identity of the eotidilions present in the c 3 C{}cr]mental 
ami iionesperiinenliil forms of the disease that in efTi'ct they ar^^ 
IdenticaL This power exactly to reproduce at will, by pure bttetcrial 
caltiires„ infectioug diwose in animals lias been of inestimable Ix^ne- 
fit iti investigating disease. 

To esaijie disease is not merely to remain witlmnt rlie /one of in^ 
It lienee of thv gi.Ttny of disense. To do this in all cnH?s is impossible, 
bveaiii^e wilb certain genn diseascs-^tulierciilogiy, for cxainple—thc 
germs arc ubiquitous; and with several nlher disc^o^ the germs an.' 
coiLhtant if not iiatnralijsed inhabilanist of the body* I’hus we carry' 
dll onr skii^ surfaces constantly the germs of snpjiuraticm: on the 
mncnijs nicmbranes of the nose and tlimal the germs of pneuinoniaH, 
and ipometiincs thcfc^' nf diphtherui. lubefi'nltwia, ami meningiiis, Tlic 
intebtiiml miicotis membrane support* a rich and varied iTaclerkl tlora 
among whicli are tvveral [Xitiuitiiilly harmfijl species and sometimes, 
even under conditions of bealUi, the bacilli of typhoid fever, of 
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ilyi^ntpn", uml m regituis iu la'hitih rliulum b euilmuL*, or 4 ]nring il^ 
ppideiiiiir^^ of i'hwleni Ii4jciI1L 

It m uiivioii£j, iht^n'faw*^ ilmi ii w pmcticutly Impu&^ibte to 
tlie dungi^rs of bt^rterinl iiif'et.lJun^ and witijdrnwal ab^liitely fr^int 
nthitr buiumn beings and frvtni all human habitations would tie power¬ 
less to accompli?<li ihh result. It is eqiiallj olmous that with such 
eonsTfiul mid iiniveimJ cxt>03un? to bacterial infection the l»dy must^ 
fur tlie greater part, easily defend itsidf nguitint this class of its 
enemies. It is now kncHvn that this ilefimse is Jita merely ljy cxebi- 
siuii uf the Lkaeteria from the interior of the bod}^ alt bough tii itself 
this is an iinportant means of pripteetinii for which s[>ecial meeban- 
isnis are provided^ but Lbat constant snnall escapes of bacteria into the 
HIochI are lakiipg place from the mucous membra ties ehicllyj and tlint 
then* rarely ermnss di^4t5e from tlib **ause. 

On the other hand^ there is allot her eliiss of disease germs that do 
not reguliirly inhabit the tardy anti whose mlluence is occasiozial only, 
•Some of these germs are ext|iiLsitely infcs.tioua^ as^ for example, 
chase causing sin a I l|iox^ measles, am] scarlet fevers and others require 
an iTitenuedidte.agciiey to liiociilate them os in malaria, yellow fever, 
and ptissibly hutxmie plague. And yet, excluding suiall|>ox, which iti 
anle*vaccination days overlooked few if any persons in infected re¬ 
gion a greiU diversity of susceptibility to infection lias been nolttl 
again ami again among exposed [>ersijns and aiiimnb. This viiriidiiJ- 
ily of mfectivity tilfecli?* difference in spi?cics, nice* ami infUvidnaN 
iiiid TOii*rtitiites one of the fundamental problems of disicase^ Certain 
diseascif arc naturally limttetl to certain species and can not at nlL or 
can only with great diDicully, be transferred to another^ ill though 
related sptxdos; other diseases appear among several species widely 
scpamtiHj from each other; still other diseases choose by pn'^ference 
or are ijuile restricted to certain breeds of a s|>ccie-s; and finally^ 
individuals of a homogeneous specira exhibit wide difFerciice^ of 
HiisceptibiHty to infection. A workcrJ-oiit theory of infection to and 
iinmunity from dti^ase would Include and ex|jlai[i all tlie$e and 
iiiiiny more diversities w'hidi have ticcn observed. I need not offta^ 
an a|Kilogy for tlik at pri^sent unattninefl ideal* 

It was early apparent that hactcria must sometimes e^^cape into the 
hlood and yet that infection did nol follow* It was oleu?i"\U‘tl that 
fre<|uenlly at death the interior of the Iwly was free of bacteria and 
might remain so for many hours and until signs of putrefaction began 
to lie apparent. The dednciioti from thk otxHervtttiou was to tho 
effect that the blood and organs mnist protect themselves during life 
and for a pi^riod after death from bacterial development. Tlie I'e- 
markable antibacterial [wwer of the blood was denionstraiwl directlv 
by injecting putrescent Miih into the veins of inibbits and noting tliat 
not only might they ^rvlve the infections and remain quite normal^ 
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b«t tlidt tile blofjil (Irnwii sooti lifter the iEijnectian vra*; luilile need not, 
■when CD re fully collected, untlergo putrefaction, This? fun do mental 
experiment, iierformed liefore pure cultures of bacteria were avail' 
able» left no doubts that the body possesses interna] means of ridding 
itholf of large tiumliers of bal^te^in. 

It is apparent that the lx>dy passesses two possible ilb^inct ways of 
freeing itself of these bacteria: It might remove them through the 
excretory orgnns-^bo kidneys or iiver; it might rid itself of them by 
fIi*stroying then) inside the boily. It was with the rise of inudetii 
bacteriology that proof was brought that the blood and certain other 
IkkIv fluids—peritoneal, pletiml, pericardia! transudates—possess a 
remarkable power of destroying hncterla. Tlibi power resides in shed 
blond, in the other llnids withdrawn from the body^ and even in the 
iluids deprived nf all tlieir mitiiml cellular constitnents. Here, was 
Llieu n concrete fart—the fluids of the interior of the body are capable 
of killing large nundiers of bacteria. It could now be shown that the 
bacteria intrcaluced In large numbers into the IiIihmI of h living animal 
arc not excreted, but are destroyed within the body. This jiower of 
the bbxKl is. however, not indefinite and is not exercised eiiually 
ngniiisl all kinds of bacteria. Kveti with bacteria lliat readily sue* 
cmidi a Very large number niay exceed the bloods enpooity to destroy, 
so thntsiini'ival iiml multiplication would result; and certain liarterial 
^pecies proved highly resistant to this blood destTuelion. iloreover, 
it Was uliserved that the blood of all animals testeil did not proiluce 
the same effecu on given kinds of bacteria, that this power to destlroy 
bacteria was lost spontaneously in a few days by tlie flu ills rvmoveil 
from the body and was destroywl ImmeiliateJy by a tempentura of 
«<>* C. It is, therefore, u highly labile quality. 

.\pparently the way was opened up for the detection of the con* 
dilions which underlie infection and immunity and the various 
I>pcnliarities determined by species ruce, and individual. Unfor- 
tunatelv, there proved to be no sharp relation between the bactericidal 
powers of shed bloixi and hnmunity from or snstxsptibility to infec. 
(ion. And im^Kirtaiit as these blond phenomena proved to be in 
nCToiopILshing prolwtion from infection, they do not in tbcniwlves 
iiccouiit for all observed conditions. 

The factors upon which the hactcrieidsl properties of the bUuul 
■lepeiid have now been clearly ascertained. The chief ^iilKtance has 
l>een called alexm or defciiBiTc imbstiince, but in reality the alexin bs 

a compound and cousista of a yemfitive body—complement_and a 

more stable sabetancfr-iTilennediary body, lincteria are killed and 
disintegrated when the intermediate body can attach itself to them 

and bring them under the influence of the complement_a digestive 

imtymot'fc element, to which die intenneJiary bculy al,® attaches 
itself. 
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ifomiTer, it is now quit* Hrtnin thit nf the two principles the 
mtcrmedinry body alone ie s fixed, netlve eletnent af the blcwd 
plEUgjju, and the complement is subject, to ooasitlerable fluctuations 
in qutinlity. Tlie orijjin of the mtermcdiBiy Iwily has not bwh de- 
ttTJniued, while it is quite vstablialiod that the complement is yielded 
by the white coriuisdes, or leiicocyteji, of the blood. This mutter of 
the orijdii of the eomplement is very important because the protective 
value of the blow! flujii is detertninod by the quantity of comple¬ 
ment available at any one time and not bo much by the more coustanl 
iriteniiediary body which is usually in excess of the complement. 
Tho complement would appear to arise from the leucocytes partly as 
Ji Kecj-etioii; Itut the quantity derived in this way would not appear 
to be considerable. It also arises from leiicocries which are hrotigbl 
by any cause to degeneration and disintegration, and this would 
seem to l;c a richer source than the other. Ijeinxwytes are confrtjintly 
lieitig worn nut by phyaiologiciil .use and as constantly yielding up 
their cnmplcmejit to the blood as they go to pieces. It would appear, 
then, that the very essential coniplcment which exists in the circulat¬ 
ing blood and passes from the blood into the lymph and serous 
cavities, will bo more or less determhied in quantity by tlie numlver 
of blood leueocytos and the conditions to which they are ex[>osed, 
and ns they are brotight to .slower or faster degeneration; and it is 
extremely probable that the secretion of eonijdement is influenced 
alsii hy the Tiature of the sllmuU to which even the living leucotytcsitra 
px])osed. It has la*eii shown beyond ]jeradventure that the hloml 
plasma enntains less complement thou blood semuj, as would now bo 
expected since tho origin of coniplrment from degenerating leucocvtea 
has been uhiniilantly shown, and l«canw in the clotting of the bfooj 
the leucocytes are so greatly disintegrated. But I do not think that 
even the most ardent adversaries Of the view that the fluids of the 
interior of the botl^' do not exert direct bactericidal effects have been 
able to show tlmt the pla^na contains no complement. The comple¬ 
ment Ls such a labile liody that doubtless it is conatantly need up 
phyeiolcigiralJy and must therefore as constantly be renewed, and it 
is highly jirobahle that the balance Ijetwecn production and destruc¬ 
tion may not ill ways lie maintained, whence a considerable fluctuation 
may occur even in health. Whether tlie fluctuations ever synchronic 
with intending infections in such a manner as to promote them. U 
not really known, but is not impossible. 

It is. however, patent that the naturally operative defensive mech- 
ani^is against bacterial Invasion must rontain other factors than 
til Ahumonil ones. We are all now prepared tn admit that in the 
pliJ^wrtea. or the devouring white corpuscles of the blood,dhe body 
[xisscBeea aimther defensive system of hl^ efficiency. 'The motiia 
iiiiturc of these cells and their presence in the circulating falooil ac- 
J574G*—Sif 1000-4T 
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corti them a liigh degrw of niobility. m tliul they run qiucklr 
disjjairhed to any |mrt of thr Ixxiy ihrrutenrd by invnclez^^ niiJ are 
hardly ^x^hmd the Huids of the bhMxl in this aldlity to tw ma&fed 
or ilelivered where needed. The jihagc^ytic tnve|jariisi!i fit defense 
operated through all tlie orders of ihe iiietaKoa^ and while it ean 
hurdiy have been developed originally as a protective ay^em against 
parasiti's, aiol doubtless rcprcseiita n mechanism for disposing of 
effete and particulate matter in the body by a process of jn- 

trncellular digest ion. yet it bus reached through evolui amary selec- 
lion iL high iitate of perfection and must have exercised no small 
iufliiimtxj in priitectiiig from esLitiction certain living species. 

There h gooiJ reason to believe tlnit m the fitial disposal of bacteria 
intrufle^l into tJie t>ody the pbagocytea play the tenninal role—i. e-, 
under favEO'shle conditions they are attracted through eheiuical 
stimuli furnished by the hacteriu to which they respond to englnbt 
thent, after ivhidi tlio baclerio are often diffiiitcgraled. But there itv 
(!t]nally good reason to IjclSeve that, with few exceptloni^ this engulf¬ 
ing can net take place until the bacteria have heen acted on by eoriain 
plasniiitic constituents that prepare the bacteria to Ijkj taken into tho 
body of the phagocytes. The further the phenomena of bacterirtl 
dcsiructiuu jti ihe IkkIj are probed the more certain d*jfts it lieeoino 
tluit there is no sitiglc nod ntiifonii proesM^s of tlieir disposal. Thu 
huruonil doctrine of bacterial destruction eoiiiEiitis much of fact, the 
piiagucytic do^rtrine much of fact, and it is quite certiiiu that ihu 
[U'aclical defensive activilics of the body constantly imply the use of 
bcith luechanisjns. 

And when we push the analysis of the munnor in winch Iwicteria 
in pin? the body and eniunerate the various biicterieidal s^.ll)sta^^;?e:^ 
which have now been determine^l as existing in the plasnni and in tlie 
etdb?, we find that this iuteractiou must be h~up]x> 9 ed to take pla^'e, 
Pla=miatic bncturicideil ifctton and phagocjkiic iucluKion are cuop'ra- 
tive fimcfions: plai'TiiHtic antitoxic action and phagocytic diUtixira- 
tion nm iXKqierativc funetioiih; plasmatic opsoniKaiioii aoil phagocytie 
ingestion are coiiiplemetiliil functions^ plasmatic agglutination auil 
Ijhagocytic engulfing aiv^ also complementah although less essential 
fiitictionu-v And although in intending infixiiona the toxie action of 
the bacteria to be dealt with is Ictss a niatter of great c?on-“rf’^queu.ce'-i, Tct 
in principle the dispoi^al of a few huc^teria Is not different from the 
dbpi>^a1 of many; and in dealing with the poison or toxic e1on>ents of 
IjacteriH't I he plasma distinct fjower of direct neiitralizatioir 

ns the phagcicvte?^ posHSSs distinct ability to transform poisonous Into 
tionpoisiinons molecules. 

1 desire now^ to n-ifer again to the subject of racial and spRcs 
inimunity for which the the humoral factors of hncterial destnirtioii 
afforded an iin[K*rfect explaiiatiouj in order that I may point out tJiat 
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tho intrmltiDtJon of t»tctvriu, incapable of musing infection, into im- 
tnmio s^ics: ifi followwi by inimcclinle phagocytic ingestion nnd 
destnictioti of ijic niicroorgnnifimA The rapidity and perfei-tjon of 
the plingocjrtid reocfion in, tnaij^v.'eptiblc nntnml!) arc very imptessivv 
and might readily lead to the decision Hi at they suftide to explain the 
resistaijfo or inimiinity. However, the nialter does not pt^nnit of sudi 
Bummary diaposit, ainee there appear to bo otiier factors thnl enter 
into tJie pheiioincnti. Tlie frog that do«s not beeotne tettinic when in- 
ocululcfl with tetanus hacilli or poison, develops tetanic spnsma when 
the tempenitiire is raised sotncwlnit; the licti that does not fcspoii.I 
to Bii nntlirnx iiioculfitiou develops the infection when the temperu- 
tiire is lowered somcwhnt. Even fnr the Euiil ingastion of Ijaelerin 
by the p}nij;joc.ncs of nlietj nnd insusceptible species the plasma prin¬ 
ciples arc required. 

rndoubledly the phenomena of raeinl and species immunity are 
JiffMted by phagocytosis. Hut our prewnt knowlwlge does not jn^^tify 
us in disregarding other possible and contributing agencies. We iirti 
still so lilllc informed of oven the gmsser features of the borly’s 
metnbolh^ that it would tic premature tn deny to it influence on 
susceptibility to infeotion. Between the metabolism of binis and 
nmmniais tliere ts such wide disparity that an influetire could easily 
lie conceived: but the metabolic disparity is iess between the licr- 
bivorn and tuirnivoni, and still less between some closely rehitcil 
species whicli yet show marked ditfercncfjs in susceptibility to bucte- 
riid infection: and as between individualfi of the same species itcmihl 
only be the finer intramnleculur variations that conceivably could 
come into play. 

Ah hough the properties of the defensive mechanisms of the blnorl 
have not l>een exhausted, yet they have I>ee.n defined in siirh detail aa 
to anflice for tfie moment and to permit us to turn iittention, for a brief 
spares to some of the proper!i*a of tiie intending invading bacteria, 
l! ]£ matter of commiJii experience, which each of ns has suffemi, that 
the elidK>r]ite mechanisms provided for our protection from barierial 
infection do not always buflice, and now it becomes nccesinary to e.x- 
plnin why they do not> In the fir^t place, there are verv great diflfer- 
ericfis between tiie bacteria which seek to enter the body, tjome siw- 
(UGS arv. never very harmful and are readily cnmbatei!', excluded, or 
destroyed; otlier species often possesfi only a moderate degree of vini- 
lence or potentittl power of doing injury and cun also, ua a rule, be 
overcome; widle these second spe^ues sometimes acquire such higdily 
vindent or invasive powers that the defenses prove quite inndeqiint'e 
to exclude or combat tliem, During the prevalence of great bucte- 
riiti epidemics it is probable that this factor, virulence, plays n con- 
sideraldc role. Of course, in epidemics the bacterial causes are, by the 
rxigeucieiJ of the situation, more widely diffused tliuu at other times 
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BO that more IcdiAiduak come under their influence j but with eren 
^uch a rommon bacteriuBi ae fhe diplococous which causes pneumonia 
and ilie bacillus which produces influenza, there arise conditions in 
which severe and often very extensive outbreaks^ or l^jcnlizeil epi¬ 
demics^ occirr which are probably to Ije attributed to an iiecession in 
virulence of these germs* although the precise causes leading to the 
incrmsc* may not be discoverefL 

Now this quality of virulotice^ wbirb is often cvol’^cd so quickly 
and apparently so tnystmou^ly expre^d biologicHlIy in various 
wajTr besides in that of greater infective pwjwer; vindent bacteria may 
prove jticspahle of being charginl with ojisoiun tjo that they can not 
be ingested by phagocytes; they may show umiioial power to resist, 
pliisina or serum deirtniction; they may drive away or n'pcl or act 
negatively in respet^t to cheniicnl attraction on the phngi>^'ytes; and 
being thus iinopposahlo they tend to multiply quickly and with little 
restraint and thus still further to break flown iind render inefTectivo 
the normal defensive mechanistns, and TiUimatcly to dainagn 
fiUsly the sensitive cellos of the organs. This ixiustitntG?^ di-^^ase^ 

Another power re^des in the body that should he regurdiHK nninefy, 
the power to neutralise or destroy poiaom^ as distinct from parasites; 
for the body m ex[>ostHl to the deleteriouj= action of generated 

by living parasites that do not tbem.selves penetrate within the Imdy* 
J^ome r>f these poisons are genemted away from the Ixwly* a?i b the 
case with certain food poisions: soTniO hy bacteria in the intestinal ninal 
that do not aeek to in vatic the hkw<l; some by bacteria, like tlie dipU- 
Lheria hacilliifs tluit fliv-tkill tissue, usually of the nmeoua niembrarn^, 
and I hen develop, in llie dcud tissue and send the puisun into the Is^alv* 
And besides thia^ everj*^ bacterial dieea&p resolves itself ultimately into 
a pr^^ of imisoning^f intoxiention. Tn typhoitl fever, in pneu^ 
monk, iu meniniritis, and in the multitiiirle of oiher bacterial invasive 
difiCai^^ nf man and the lower animnli^ the severe svmptonis arc 
rauseil hy the poisons lilwrateil through dbintegratiofi of the in vailing 
bacterial which, bowcveri cotilinufi by multiplication to recruit slieir 
nmiil>ers. 

The condition of siiRceptibility to poisons varn?^ with ditTcrent races 
and s[)eeie^i, very much as harterial susceptibility does. The cobl- 
bliHaled animals ^ indifferent to poisonff that are very injurioii^^ to 
warm but nftt ull coIiJ-bbHxlwl miimals iH liave 

Tntunui* toxin is ulike iiuiocuous for the fmgr An<1 the ttlli^tnr, but by 
ralsiiij? tlio t<*inporatiiro arliticiaily the frog cle%'dops but Ibr 

alUputor lifM® nnt. Somt‘tim«s th« effects depentj tncrr.ly upon tin* 
niodc of ciit mnrr of the poieoti into the body. Tela«u» toxin, diph¬ 
theria toxin, and snako vetinm have no effeet on mammals when swal¬ 
lowed iinle!» the intestinal epithelitim has Wn injumU These poisons 
can not pass through the epitheltiim to reach the blood, where alone 
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they ann exert tbeir net ion. The toxiD of the dysentery biicillue pusses 
readily in the rabbit from the blood into rhe jotesiitie^ which it iujure^, 
blit cn!i rnit pass from the intestme into the blootl. Tetantis^ toxio cun 
bo injected into the circii lilt ion of the heiijiut does no huriitH Tnjeclei 
into the hrain it proiJiices tetflmipi. Introditeed into the blrwMl it re- 
iimins there for muny hence (he fniliire to act cub not due 

til de.strnction, hut prohnbly Is due to Inability to p)k^ through the 
liIcKxl TPi^eb in order to rench the cells of the ecutml nervoris M stem 
in n siiiiicient state of cozieentratioii. The ph\Tiiiologicnl state of the 
niuriinl jiJmj exerts an infinence—certain hibernating sfiecics are sus- 
i^ptible to tetanus poiwn in the frtmimer, but not diiriiig the winter 
sleep. There exist, therefore, different inechaotsms for e.xcludLiig 
poisons from the t^nsitive ami reacting cells^ and among tiiein an* 
certain i|ininthie£ of neotraliKingt or antitoxic substances^ normally 
contained in the bloods We know at lenst one such definito antitoxiiL 
nitmely, the diphtheriu antitoxin,,, which exists in niininiul ijuantities 
in the blcKxl of mon and the horse. 

The absence of nuitiericul relation lietween the meohanistn which 
ilt?sitroys bneterifl and neutralises poisons sonnetiities works sad havoc 
for ihe b<»iiy. The two capacities may differ naturally or are en- 
hunml in difTereiit degrees by artificial oieuna The matter is one 
of grt^t importance, bec'aiise jdnmst without exception all liacterial 
disi»ases are example.^ of poisoning* The mechanical obsftructions 
produced by the bacterial bodies nro relatively imimpfirtniit. The 
laaly mure readily defended from the invasion of hucteria^ with 
vt-ry few exceptions^ than from the effects of their poisons* The 
cupucity to dispose of typhoid and cholera bacilli is more easily pro¬ 
duced than the power to neutralize or olherwise rentier inntMUjouH 
(he poisons liljendcd by the dissolved bacilli. It is precisely because 
we hii ve not ycl learned how to overcome this class of haiiteriBl poi¬ 
sons within tlie IxhIv that wo have not mastered the hacteriul diseases 
as H whole. There are, however, certain hactcriid p^usotis for which 
adt^mile antidotes arc readily produced^ thus, (or example^ for the 
diphtheria* telouim, [Kitiiliamt and possibly the dysicntery p^>ison?* 
Here the pni&ims can Imj toora easily nexrtralized than tJjo bacilli can 
ho got rid of* hut by neutralizing the poit^na wo succeed in arresting 
the mnltiplicution of the Imcteria and often in curing- the disen 

The normal body possesses a mean rc=sistance to l>acterial invasion 
and to bacterial poUoiiing which, while sonic what fluctuant^ is of 
high value except under certain exceptional comlilions in which 
infection readily develops. We know that certain general state‘s of 
and Lnfliieiices exerted oti the body are a^=2^isited with a rim or a full 
of tliia jneau value- But we are not equally informeil of the physical 
bask of thijt ri>te and falh Thk particular topic k peculiarly difficult 
because of the large uumbers of factors which enter into it. We know 
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from oifcservation that propter wholisaoiiK!' food^ ^ood lijgi- 

enifj snrrioiindirjg&, iivoirbnce of anti of de{)rie!5iiit];^ psy- 

cbicr imprchs^iions, and that physical eari* of the I:jnm(3'j. all cod tribute 
towartl ma into ill Jiig health as the reverse eonditiciTi^ pmlispof?e to 
ostablisliin^ disease. In seeking the phyaierd Ijo-sis of this fliffeiojice 
We must uvoid confusing fraiise wish efTeci. Go^h] hygienic snritJunJ- 
iiigs niHV Dei ehiefiy hy excluding the sourLi^ of infection ruflier iliati 
by enhancing resistance Wt tin*re is experimental fLs well a.^ nl>*dr- 
A^atioiial foiincktiDJj for thi' belief in thew general Influences to alTeet 
the disposition to aetpure or eseii|ie infectious disease. AninTtils 
whicli are made to fastj to OTUTesercise, are made anEcinic^ are given 
exces$ixe quantities of alct^hol and other poisonSj ar are es]Kispil to 
ahnormul cold by shaving of the skin^ are moro bmbject to certain 
infee-tioiis than aniiuals [int so treatcuL If, now, it were fniuiil that 
ihebluKx] factors governing resistance lluctiiated with the?^ inlliienr^^H, 
iKJcame siiniller and Ics^ eoiL-ipiciions when the inthicnces w’ere bad 
ami larger and ziiore eQieient when tJie infliietiecs were good^ we rshouid 
then liavc establislied au imporEant concrete fact. 

Hut flip niexinic activity of the btood varies normally within such 
wide limib^ that onl^^ niaximnl chan'gf^s could tw regarded as signifi- 
csiiiit, and it apjieiirs that it is oidy^ as the fatal termination of certain 
severe infections are reached—such t\s expcriimintJi] niitlu-ax and 
pucnniococctis ififectionsy for exampris^—tluit the* alexiiiic pcjwer falls 
jC^eatly or illrijippearg altugetJier. The determination of pliagocytic 
activity outside the boily hm not thus far been carrier] out in Rich 


a luaniier ds to milieu to a functional deprciiision which either prci^eilesi 
imiimliately or develops in the course nf severe infretiunsj rilthoiigh 
certiiiii inft^alons which take u severe cotin^ are characterizr<i bv a 
[>ersisteni reiluclioiv in the numlMrr of leui-ocfytes in the circulating 
hlocHl This latter plienoiiicuoU musl, however, pnihabiy \m re-^urded 
as an effect and not as ilm cause of the infection, Tiieri is. however, 
known al mi« esample vJiere purnlysis of thp pha«K'Vt« Uw.k 
to u fatul infiK-tion under i^nditioiw in which llic normal tAia^mcvtes 
are entiix>ly comr^tont to prevent infection. If to a miinea' pis n 
miail dc«« of opium he n.humistered and this h followed bv the in- 
j«Lit«i of 11 uoiilethnl quaiilUy of a i.mltiire of the clmlere'h.icilliis. 
.Joiith ml) etiflue Imnusa ilic setwitiveness of the phagoevtcs to tlie 
rlnmiiL-al .Hmuhis eserted by the cholera poiwn has been Jiniitiished 
by the narontic lufluimee nf the opium. 

‘The mean phagocytic vahje of the i.too .1 can, however, lx- definitetv 
n,i«^ by rertam agencies, that are at the same time and thro,mb the 
rise in the nnmljer of phagfxiytcs prodiiecHl, useful j,, ^atvlinff off nml 
sometimes even in overcoming mfertlnn. The menim emnjoved to 
bring about an iiierensc of leuciwytes. or to cstnbljah a hvi^irleiiLt)- 
cytof^if, siifRce to maintain tho high value fnr short peri 1x1*relalivelv 
only, unless the auniulus is fr«iuently totwated. A cold bath a sun 
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hsilh, the injecti^ti iuiu ibi.^ cirL-ulAtioii of a niirnlior of si tuple 
substancfs^—peptone^ ulbumo^, nueleinie at-id. s{>crmm, pilocurpmc— 
are till followed uutler phydiologiml i?oiiflitions by liyperleucfKj'tfisLs 
and by u temporary FtJite of inrreaj^d to bueterial inrttsi.011. 

^[fjriHiVer. in eerfain e:^perbiietilfll in feet ions? j ot there can tiuis 

be arouseti a lieij^htennid power to OTereoiue eslafilbhed Infection!^— 
those eiiused. for example, by the i-holeni, ineninjfilLs^ uiid pneii- 
genus* Perhaps tlje most striking example of the iirotert- 
ive iiittueuee of liyperktiroeylosiM is Jiiroitled li-y the expethuenial 
infection tlescribed ujiderllie name of cUoleru ]>pritoniiis of the guinea 
pig. If a fatal quantity of eholeni germs lie hijcetdi into the peri¬ 
tonea] eovity of a guinea pig, sytoptoiris uf jKjistjriing i|uickly set in 
luul death results in a few hours. A study of the conditions pre^nt 
ill tJie p<"ritoneai t^aTity shows that the bacteria liave developed freely^ 
tliiU have been broken np and disintegratcfL and that very few 
preserved phngocytes tsuu lie foiiodi Examination of the blood n3^- 
veals that the number of leaeoijytes in the gtmenil circulation hm Ijccei 
reilnced: and afl the evidences point to the iMinclnsion that not only 
ha.^ phagficylisig not taken place, but that there lias been a general 
destmeLion of leucocytes produced by the cholera puiaDii, Tft how¬ 
ever, tJiere lie iiitruiluoed into the |>eritoneoJ eavitj-' of a gutneti pig 
twelve to twenty-four hours prior to the inuculation of the elioleni 
bacilli, a small amount of sterile salt ^lutioOt or bouillon, or one of 
the other ehemicals meutionedf which procedure will bring into tlio 
peritoneum a considerable numlier of leucocyte^ at the same time that 
it. causes a rise of leucocytes in the circulating blooth then the duileni 
germs: ore quickly taken up by the phagoc3:tes, DiuItipliL^tiou ia pre¬ 
vented. iizid the aiiirnat escapes severe illnc^. 

The value of hyperlencoeytosis as a defensive measure iigiiinst in- 
fectinii must, probably, always remain greater tlmn its value im a 
cure for established infection. There are several reaf?onJS that niJike 
this conclusion pnAabJe—the capacity of tlie blood b increased in 
the dli-cction of de^tmying bacteria without being augmented at 
the same time in the direction of nentrali 74 ng baeteriol poisoTan: the 
organ ism that Is already bcverely poisoned by infection reacts less 
trertainly to the chemical agents that provoke hy(HJtlcneocytosis than 
the. uninfected organism* And yet we may see the operatinn of tlie 
benign influence of hv^perlcucHicytosis* associated witli an ineri*usetl 
passage of alpAtn-eontainiu^ lyniph through the vessels, upon (?erfaiii 
local infections at leasts in tlie results of ruemsurcs that dctermitie an 
augmented supply of blood to a diseased part; in the mcdvanical 
hypenriiiia^ produced through posture or siipcrhcnteil Jiir; the in¬ 
fluence (ip part) oltidtercidin injections; and the elfeets of poultici^ 
and embnX'fttions, of connterirritants, and of certain of the phe¬ 
nomena of liHral indanimation, 
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The fflcb at our cotimund point to the gr^xn p^jtentiul pivrer of 
th(^ normal organism to resist mfeetion and indicate that the normal 
ImxIj pot^sessi^ the capacity, on demntnL to Increu^je this jmwer tM^yoiiiI 
the mean chiefly l>y opposing intending infection hy liyjx*r- 

lenco^^ytosis and also, priAiably, by llie strengthening of its plu Finn tic 
ciefeiihive uctic»a Ihroiigb the additiomil soluble iile?cln sulistaiiijeH 
llirowii off hy the niiguiented leucocytes. This defiuisive mecduinisni 
acts in the flame manner on nil Uiclerinl invnders and b not ajMsidnlly 
adapted ^ar ntiy one or group of bacteria. The form of activity is 
strictly noiiiptcilie. 

Let tis iioTiT ask ourselves if in overcoming infectious disease^ ^vluch 
luckily the organism is fn.Hpiently able to iiccomplisht the rnechunlsni 
put into nperotion is similar and only more intense than the une we 
Imve considered for warding oJf mfetinn. Tlie answer to Ihia nue^- 
tion h that recovery from infection conskts in the bringing iiitn 
Ix'liig <if ft new set of pheimmena thiit grniiually reenfon^e tlie r-tsist- 
liiice: that recovery from infection is acconvplisiied through a prtK'esH 
of immunization^ The evidenc.^^ of this condition of immMnizjiiimi 
arc found in the appcarniice In the bloiid S4>nie time between the 
fourth nr fifth to the tenth day of the discaset and somowbat later 
than they have appeared] in the spleen and Ixme murmw* of chcmii’Til 
flubstancea whicb are directed in a specific tnanuer to the neutinli sta¬ 
tion of the poi£K)ns having been and still bf'ing produced by tbe bac- 
terial causes of the disease, to the destruction of the liacterift ihern¬ 
ial vca either outright by the plasmatic fluid which has now been en- 
richetl by a new quantity of inlormediaTy suhsLaiice of high jK>tency 
that nmy bring the bacteria more readily mulcr the dissolving in¬ 
fluence uf the complement, or by die phagocytes to which they are 
ci|KJfled In greater measure dirough the production of opsonin^ of 
higher stiengLh and fltability- As rct?Overy progresses IhesE hii- 
inunlty snlx&tanccs continue to increjtse until ai tlic terminotion of 
the disvease tliey are pret^nt in quantities that soffic^e often, by a 
passive tmnfifer to another individual, to protect other aiiimak niore 
certaiidy from an^ infection, or to terminiite abruptly iin infection 
already established in tliim. 

When the infcctioiifl diseaeie is tho expre^ion not of the cotubined 
effectfl of poiiioii and bartenaj but of the poi^n cliielly whicli enters 
the blood, the bacteria rauaining without, as in diphtheria, then 
tlie blood changes chanurterizing the immuue state are frimpler and 
eonftLst in tho acnmmuUtioti there of anlito^eins that constitute the 
most perfect antidote to poi^us that am known. The condition of 
iinmufiity pitiduces no tlemonstrable chauge in the properties of the 
phagocytes through which they are better enabl^l to overctmie the 
poisonous bacteria- They do l>ecojnet in course of the iirnnunization 
more senrilive to positive chemotactic atimidi; bnt it U still on m- 
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settled question whether they are mitered quaUtmtlrely by the itnitium- 
xAtion^ or whether the pinsmatic changes do not really react upon 
them and tlms increase their efficiency. 

It must now be patent that between what may be termed the proc¬ 
ess of physiological resistance und what h termed the condition 
of imnmnzzation, a wide dnitinction exists^ The one is nonfipecitic 
in ita Action, the other highly specific in ib? effeirls^ the one is mih- 
jeet to a limited uugmcatRtlon, the other may be carried to a high 
ilcgree of potency and perfection; the one often fails to protec^fc 
the argon i^on in which it b developed, the other suffices to protect 
both itself zimi another organism. If therefore we were to lie asked 
In what manner can the animal orgauism be reenforced agn inst 
infection^ we sliould be compelled to answer by passing safely through 
the infeotion itself- This eoncluston* which has been reached by * 
purely eA]>erimental biological metliocl% b supported on eveiy side 
by common observation and experience with the acilto infciliaus 
diseaiies of which one attack protect from h f^uhsequent attack of 
the same disease. 

[t may conduce to clearne^ if we should enumerate the factors that 
have been desciibed and asaiguni on the one Lmnd to natural resist- 
a nee. and on the other hand to fleqtiired resistance or immunity. Wc 
can tabulate the factoid in the following manner: 


XATCtiAr m PHTSfOPjiXrCAI* 
UJOUBThTtCt, 


lAcricAAixi Natthal or rnTflioLoarCAL 
Resihtanck. 


Aleila 


L-omplemecit. 
hitenaedlnry 
OtaKFnfn. 
n^utlDliu 
Plwsta.'yte. 


bodj- 


Alexia 


c^ihiiuaemeat, nratiqbb' 9 iierefL^>d. 
(nlprcnecHairy 
oiwalu. 

PlwAocyte—lat'iTSaaed {byi>erleucoeytaatftV 


AcgmsfiD iMuotrm. 

—jirobabljf lncrcRsed. 

luteituedLin' tMjdy—spMlflc prodaceiL 

OlMunla—BiMvlflc, Btabtle une |iroUu€cd. 

Af^lutlnla-—ffpecUle ocid prodoceU. 

i i. 1 * I f EMloila 1 __ . 

AatLtoxLa I _ ^ , f produced^ 

I for endotoxin t 

Pbn^HK’ytfi-—flften but aualLtadvdy uncliab^ed 


This tahulfltion exhibits the disdnetion between the physical basis 
of physiological resistance and of the state of immunity. There 1% 
anotlicr different between them; any increii^ that can ealletl otit 
b^ond the inefla of physiological reastanee is accomplished in a feiy 
hours; and haTing been called out to meet a particulnr condition of 
need of the body and the effect haring been exerted, it passes off rery 
eoan. It is rare that the effect of a hyperleucocytosia can be detected 
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for iiioTP than three or four iloys after it has a^ptHiretl. The develop- 
luent of Lho htate of immunity^ oil Qie utlier bamL if a slo^v proc^eas 
relatively and dej;M.-iitli» upon Lbe setting into motion of eortain ail 
fiiiictiore^j Llirougb whidi new substances arc pr^xlnvcfU wUidi^ being 
lirst relainei] wjtliiJi the rells producing theiru eventniilly are piiHSCil 
into the Eilood. Hence it is that these nevr substances erm he tldeetiHj 
at an earlier jicriod of tlie infection in the spkcit ihmi su lbe Idood, 
But once they have Ijccn produced^ the substances endure either for un 
iiidcfinilc pcriiHl, or the capacity to jjnKluce new oncii of the same Fort 
is retained hy the orgaiupm often for years% The blood may grow weak 
in the lypboid Iniinunity princijdc hi Hie course of years following un 
altark of typhoid fever, or a rabbit itnuiunized witli typhoid luieilli 
may fIiow after a lime u great ditiiinution of the blood aggliit-inins for 
typhoid Imcilli: but thv^ lyphoid iiiimunity pcrsuiftH In the one, ns in 
die other nuniinnl cjuantitiefi of typlinid bacilli wdM bring nui^ and 
witiiotit the original delay^ a new production of ngghitiniii that will 
jcFtora the lost amount. 

The facts Oil 1111:111 unity which 1 have presented to you constitute the 
pbysittul bifcaisH of all ordHcial Jiiethods which iirti l>eii'ig pomicd 
w suctsssfnlly in preventing certain infections through vaccination^ 
and in curing them tlirough the use of iiiitouno serum productiN The 
facts also account in an eminently satisfactory manner for the mlp- 
pre.-:slaiL of eimatljMix hy cowpgjc vaccinatiojii Tlie ^vaceincij” so- 
called for bacterial diseosiLs, which tire^ f might say, at present lielng 
eiiipluyed chiefly in protecting animals from epidemic infectious dis¬ 
eases U> which they are mudi expoe^erh consdst for the most part of 
bacteria either killed outright by heat or chemicals or of bacteria 
whoso virulence has Wn diminished by s|ieciai metlwls of cultivaiioji 
or treatment. In biinian lieings this method of vaccination lias U>en 
employed onh" when large numlicrs of persons have bfsn exposed to 
infections from the zone or focus of Avhich they cfoiild not be retuovedT 
or from which, owing to tlie peculiar circunistaiic® surrounding the 
in feet iociiiu they could not n^dily or at aD be protected hy the ^tippres- 
sion of thios dit-eased gvrms at iheir sources. Thus, it 1 ms Iwen found 
advjitiiugeou.s in xi few hislances to employ vaccination against cholera 
and bulKPoic plague, on those e^peciully exposed to these epidenik dk- 
esLses- and agidnst typhoid fever on troops going in time of war into 
hoavtly infected endemic seones of that disease. 

Tn a fewv instan^ thk methffij of Taceination hoi^ been sutTOssfiiUy 
carried out in animals with iiifectious diseases in which the genii 
i!atiiiiiig them ha ve not been disetivered. Th^ it Ls po&sible to vac¬ 
cinate catttc ogainst the destructive rinderpest of Africa, the Philip¬ 
pines, anti other tropical coutiLrie^ by eniployitig the bile of animHU 
which have aucciilulled to the infection, which coutnina the parasite 
of the disease somewhat modified by certain bnmuuity principles 
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(!0ntJiiiie4l vl'itliiii it ulcin^ with ptirBifiilfc’'- In fact, this method of 
L'dnjoint vTianniition \vitU ilie ptirsisite of die disctise and the blof^l 
coiitiiinhig iminiJtiity principle!^ one that offers a wns^iderablc field 
of pruL-tuiiil uppliL-ation. On the one hand« there Is a«:oniplblied a 
ptissi\'e immimizEition of the body that opcmtive imnieilj- 

atel v\ aiifiL on the other hand* a vaocijiiition. that after the usiml inter- 
val hinds ii} iJie pitxinctioti of a state of active iiiiniunily that rises 
to u higiior level mid is fur more endtirbig than the {lassive states 

ineidentally we liave diseovored from this process of mixed or von- 
joint vaccination tiiat immiine sera prepared for bacteria or ntlier 
parasites which arc riot toxin protlncers in the manner of the dipli- 
theria hacilhis^ hut which eontuin cndtatoxlnt act tiot cspecinlly by 
neuirallKing toxins, or by destroying outright tiic bacteria, hut by 
exercising an efficient protective control over the injury which these 
|>iini5ites or their poisons tend to indict on certain sensitive body i^ells. 
For example* if cattle are inoculated on one side of the body with 
Wrnlent blood froin animals dying of rinderpest^ and on the other 
siile with blood sf^^rtini taken fruin animals tlial have recoverd fruni 
the disea^ and subsequently have hud their ininiunity iniensitiiHl by 
injcctioiu^ of higldy virulent bloody the cattle so vaccinated Avill de¬ 
velop rindeqjest in a mild form and will snibseqiiently on recovery 
be also inimiiiie; and yet during tho proct^ of imnnini^Hation tlivir 
blood contains highly virulent pamsites, so that if a little of it be 
introduced into nonprotected and healthy cattle, they will Iw given 
rindcrpi^ mid wUJ die of it* 

The reaction of the IxkI)^ to the bacterial vaccines injected is out 
of proportion to the quantity of eiiUuro introduced* Thus two jiiilli- 
gramsi of dead cholera bacilli injeclctl under the skin of human beiiiga 
will yield enough of I he specific immunity substance for these bacitU 
tu bring about the destruction of (KJ^OOO or nioto milligrams of the 
cuUnre. There can hi\ thei^fore^ no direct trauformation of tho 
cholera bacilli into immunity bodies, but they must exert a stimnliis 
on certain cell-functions through which the iiumunity principlefl are 
produced; and the quantity of their fortnation depcntls not on tlie 
weight of crude bacilli introduced, but on the atrength of the stimu¬ 
lus imprcsi^'^1 upon the setisitive cells to which they react in a specific 
and rciiiiirkable manner. 

Is it possible in the eoutst? of an cstahlLshed infection to reinfim^e 
the resistance of the liotly f I have already stated that it ta not prac¬ 
ticable to bring on I at the height of an infection an efficirnt height¬ 
ened reaction of phy^jiologieul resistance; hut from this it does not 
follow that under these conditions a special form of mimunity reac¬ 
tion niay not be elicited. The tubeieulin reaction, or that part of 
it which is *^pccific, may be cited as an example of tliis kind of rein- 
forceiiient; mid whatever there is of value in the treatment of infec- 
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tious by meam of dead cultures of their specific bacteria— 

vaccinei^ m called—must be of the nature of an mtensifled im¬ 
munity reaction. What h soitglU to be accomplished in the loiter 
case is the formation in certain uninfected localitie^Ln the sitbcii- 
toneous ti^ucs, for example—of iniraimity principles that afterwards 
by e^nping into the blood shall assist, in the termmniioii of an iiifec^ 
tions process situated elsewhere m tlie body. Such local foci of im¬ 
munity as it is designed to create in the subcutaneous tissue are iint 
utiknowiL The pleura can be given a local immunity to tlie typhoid 
bacilli I the subcutaneon^ tissue to tetanus toxin^ nnd it is highly 
probable that tlie tiominl resistances exhibited by our miiroii^ mctn- 
brauces to the patliogenic bacteria they harbor are examples uf such 
local imtnuuitics. 

I fear that 1 have carried you far afield mid into Humewhut dcitdous 
pMth« of immunity to diseiose. Vou wiU^ 1 knnw^ not complain and 
hold it to the detriment of medical science that these paths have not 
been already converted into fine open roud.s« But you will prefer to 
rectal! liow brief is the time since where the paths now* are there were 
only wood and tangle. 
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